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II. ACT OF INCORPORATION

No. 3170.

COMMONWEALTH OF MASSACHUSETTS

Be It Known, That whereas Alpheus Hyatt, William Sanford

Stevens, William T. Sedgwick, Edward G. Gardiner, Susan Minns,

Charles Sedgwick Minot, Samuel Wells, William G. Farlow, Anna D.

Phillips and B. H. Van Vleck have associated themselves with the

intention of forming a Corporation under the name of the Marine

Biological Laboratory, for the purpose of establishing and maintaining

a laboratory or station for scientific study and investigation, and a

school for instruction in biology and natural history, and have com-

plied with the provisions of the statutes of this Commonwealth in

such case made and provided, as appears from the certificate of the

President, Treasurer and Trustees of said Corporation, duly approved

by the Commissioner of Corporations, and recorded in this office :

Now, therefore, I, HENRY B. PIERCE, Secretary of the Common-
wealth of Massachusetts, do hereby certify that said A. Hyatt, W. S.

Stevens, W. T. Sedgwick, E. G. Gardiner, S. Minns, C. S. Minot, S.

Wells, W. G. Farlow, A. D. Phillips and B. H. Van Vleck, their asso-

ciates and successors, are legally organized and established as, and are

hereby made, an existing Corporation, under the name of the MARINE

BIOLOGICAL LABORATORY, with the powers, rights, and privileges, and

subject to the limitations, duties, and restrictions, which by law apper-

tain thereto.

Witness my official signature hereunto subscribed, and the seal of

the Commonwealth of Massachusetts hereunto affixed, this twentieth

day of March, in the year of our Lord ONE THOUSAND EIGHT HUN-
DRED AND ElGHTY-ElGHT.

HENRY B. PIERCE,

Secretary of the Commonwealth.

[SEAL.]



III. BY-LAWS OF THE CORPORATION OF
THE MARINE BIOLOGICAL LABORATORY

I. The annual meeting of the members shall be held on the second

Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 12

o'clock noon, in each year, and at such meeting the members shall

choose by ballot a Treasurer and a Clerk, who shall be, ex officio,

members of the Board of Trustees, and Trustees as hereinafter pro-

vided. At the annual meeting to be held in 1897, not more than

twenty-four Trustees shall be chosen, who shall be divided into four

classes, to serve one, two, three, and four years, respectively, and

thereafter not more than eight Trustees shall be chosen annually for

the term of four years. These officers shall hold their respective

offices until others are chosen and qualified in their stead. The Direc-

tor and Assistant Director, who shall be chosen by the Trustees, shall

also be Trustees, ex officio.

II. Special meetings of the members may be called by the Trustees,

to be held in Boston or in Woods Hole at such time and place as may
be designated.

III. The Clerk shall give notice of meetings of the members by

publication in some daily newspaper published in Boston at least

fifteen days before such meeting, and in case of a special meeting the

notice shall state the purpose for which it is called.

IV. Twenty-five members shall constitute a quorum at any meeting.

V. The Trustees shall have the control and management of the

affairs of the Corporation; they shall present a report of its condition

at every annual meeting; they shall elect one of their number Presi-

dent and may choose such other officers and agents as they may think

best; they may fix the compensation and define the duties of all the

officers and agents; and may remove them, or any of them, except

those chosen by the members, at any time; they may fill vacancies

occurring in any manner in their own number or in any of the offices.

They shall from time to time elect members to the Corporation upon

such terms and conditions as they may think best.

VI. Meetings of the Trustees shall be called by the President, or

by any two Trustees, and the Secretary shall give notice thereof by

6



BY-LAWS OF THE CORPORATION. J

written or printed notice sent to each Trustee by mail, postpaid.

Seven Trustees shall constitute a quorum for the transaction of busi-

ness. The Board of Trustees shall have power to choose an Executive

Committee from their own number, and to delegate to such Committee

such of their own powers as they may deem expedient.

VII. The President shall annually appoint two Trustees, who shall

constitute a committee on finance, to examine from time to time the

books and accounts of the Treasurer, and to audit his accounts at the

close of the year. No investments of the funds of the Corporation

shall be made by the Treasurer except approved by the finance com-

mittee in writing.

VIII. The consent of every Trustee shall be necessary to a dissolu-

tion of the Marine Biological Laboratory. In case of dissolution, the

property shall be given to the Boston Society of Natural History, or

some similar public institution, on such terms as may then be agreed

upon.

IX. These By-Laws may be altered at any meeting of the Trustees,

provided that the notice of such meeting shall state that an alteration

of the By-Laws will be acted upon.

X. Any member in good standing may vote at any meeting, either

in person or by proxy duly executed.



IV. REPORT OF THE TRUSTEES

At the meeting of the trustees held in Woods Hole on August

n, 1908, the resignations of the Director of the Laboratory,

Professor C. O. Whitman, and of the Assistant Director, Pro-

fessor Frank R. Lillie, were presented. The trustees expressed

their deep regret that Professor Whitman and Professor Lillie,

after so many years of able and efficient services, should wish to

resign. The letter of resignation of Professor Whitman, and

the reply of the trustees is here given.

To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY,

WOODS HOLE, MASS.

Gentlemen: This year has brought the twenty-first birthday of

the Marine Biological Laboratory. For these many years you

have continued to honor me with the directorship of the labora-

tory. In late years I have so far drifted out of office and out of

use that a formal resignation at this time can be scarcely more

than an announcement of the fact accomplished. The time has

arrived, however, when a reorganization seems to be imperatively

demanded, and as a prelude thereto, I must ask you to accept

this note as a somewhat belated announcement of my resignation

of the office of director.

Let me take this opportunity to thank you one and all very

heartily for the cordial support you have extended to me.

Respectfully,

.C. O. WHITMAN.

REPLY TO THE ABOVE LETTER

August 13, 1908.

The corporation and trustees of the Marine Biological Labora-

tory, in accepting the resignation of the Director, Professor- C.

O. Whitman, have ordered to be put upon their records and to

be forwarded to Doctor Whitman the following minute:

8
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The corporation and trustees desire to express to the retiring

director their regret that he finds it necessary to withdraw from

the active directorship of the laboratory, and their appreciation

of the inestimable value of his services. Since the establishment

of the laboratory at Woods Hole twenty-one years ago, he has

been continuously its director and he has to a very large extent

guided its growth and development. He has stood for the prin-

ciples of cooperation and independence which have made the

laboratory unique in its character and truly national in its reputa-

tion and influence. His high ideals and his generous apprecia-

tion of the work of others have been an inspiration to the many

biologists, who, during these years, have attended the laboratory.

These ideals are the most valuable possession of the laboratory.

The corporation and trustees desire that the retiring director

may continue to serve the laboratory as honorary director and

trustee and that his presence at the laboratory may continue to

be an inspiration in the future as in the past.

To THE CORPORATION AND TRUSTEES OF THE MARINE BIOLOGICAL

LABORATORY, WOODS HOLE, MASS.

Ladies and Gentlemen: Your action of August 13, in which

you express a desire to have me serve the laboratory as

"
honorary director and trustee

"
is in itself alone an all-sufficient

reward for whatever service I have rendered as director. Your

good will is the all-important recompense, and no title that you

could confer could add to the weight of your approbation. In

fact, titles belittle the spirit. Let me have the latter without the

former without title or office of any kind. Please respect this

wish and believe me, as ever, a sincere and devoted friend of the

laboratory.

Respectfully and cordially.

C. O. WHITMAN.

Professor Whitman's resignation as director of the Marine

Biological Laboratory, after twenty-one years of service in that

position, impressively recalls the inestimable value of his services

in the establishment and development of this institution. If we
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have to-day one of the leading marine laboratories of the world,

we owe it in large part to him. The interest of almost every

member of this board of trustees and of the corporation was

enlisted through his efforts, and the splendid influence which

the Marine Biological Laboratory has had upon the development

of biology in this country is traceable ultimately to him.

His connection with the laboratory began at a time when it

had neither permanent home, recognized standing, nor scientific

ideals. Some of the leading biologists of this country felt that

it could not compete as a research station with the U. S. Fish

Commission Station, backed as the latter was by the resources

of the government, and that its chief field of usefulness must

be as a summer school. Whitman thought otherwise, and by his

real greatness as a scientist, his untiring energy and enthusiasm,

his splendid ideals and his unfailing faith and courage he made

it from the start the principal center in America for biological

research.

From start to finish his ideals for the laboratory were these:

(i) A national center for research in every department of

biology; (2) a laboratory founded upon the cooperation of in-

dividuals and institutions; (3) An organization independent in

its government and free to follow its natural course of growth

and development. For these ideals he has labored consistently

and persistently year after year, sometimes with a disregard of

present advantage, to be gained by the sacrifice of one or the

other of these ideals, which cost him friendships which he highly

prized. At one particular crisis he wrote :

"
If I have made any

enemies through unkindness or injustice, I am sincerely sorry

for it; but if I have made any because I have stated my con-

viction on the question before us I can afford to part with all

friends who are made enemies for such a cause. Do not think

that I seek enemies or value lightly real friends." His faith in

the ultimate achievement of these ideals was so great that he

chose rather to sacrifice present good than, as he believed, the

future welfare of the laboratory; and his plans for the labora-

tory were so great, while current resources were so small, that

he was frequently charged with being impractical. But it is only

fair and just to recognize how much was accomplished by ad-
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herence to these ideals and to what an extent the spirit and

success of the laboratory are clue to them.

Woods Hole is indeed a national center for research in several

branches, if not in every department, of biology. Whitman had

the wisdom to see that biology could progress only as a whole.
: The great charm of a biological station," he wrote,

"
must be

the fullness with which it represents the biological system. Its

power and efficiency diminish in geometrical ratio with every

source of light excluded." To zoology, which was the only sub-

ject represented at first, he added botany and physiology and he

strove to make Woods Hole a center in each of these depart-

mnts. He was one of the first to insist upon adequate provision

for experimental work. He was, we believe, the first in this

country to plan and plead for a biological farm for the study of

problems of heredity and evolution. He desired to make Woods
Hole a center for the comparative study of anatomy, pathology

and psychology. Some of these lines of work have since been

taken up and largely developed elsewhere, but if Whitman could

have had the necessary support in his plans they would have

been centered at Woods Hole. This need of a national center

of research in every department of biology is still before the

laboratory as a living issue, and although this grand concept has

so far failed of complete realization, who can say how much the

laboratory owes to this catholicity of spirit of its director, how
much biology as a whole owes to this splendid ideal?

If the laboratory was to be truly national, Professor Whitman

believed that it must be founded upon the cooperation of in-

dividuals and institutions
;
no one man nor institution, however

great, could accomplish this purpose. He recognized that com-

mon ideals must form the basis of such cooperation, and he

sought to bring into close connection with the laboratory every

person and every institution that shared these ideals with himself.

With these ideals, and by means of his own personal charm and

scientific abilities, Whitman secured the cooperation of many
of the younger biologists of the country. There was thus de-

veloped at Woods Hole a center for research work in biology

which has had few equals in the history of the world. By his

own work, as well as by his appreciation of the really funda-
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mental problems of biology, he has set a very high standard

for the scientific work of the laboratory, and by his kindness,

sincerity, and generosity he has called forth similar qualities in

others, so that it has been characteristic of Woods Hole, as of

few other laboratories at home or abroad, that a spirit of genuine

cooperation and mutual helpfulness prevails. Who that ex-

perienced it can ever forget the inspiration and enthusiasm of

those early years of the laboratory? Who of us can forget the

cordial appreciation and generous encouragement which we re-

ceived from Professor Whitman? Some of us feel that we there

incurred a debt of gratitude to him which we can never fully

repay. Since those early years other laboratories have arisen

and other duties have drawn men away- from Woods Hole, but

the Marine Biological Laboratory never loses its charm for those

who have worked there, and this charm will continue as long

as the spirit of generous cooperation, which Whitman instilled

into it, prevails.

Finally, Professor Whitman stood for the complete autonomy

of the laboratory. Although aid might have been had more

than once from universities and institutions by surrendering the

independence of the laboratory, he steadfastly and consistently

refused to do this, even though in doing so he had to face the

opposition of almost all the members of the board of trustees

and the corporation. There is still a difference of opinion as to

the expediency of this stand, but there is probably no question

as to the desirability of the autonomy. If the laboratory can

obtain endowments such as to provide for its present and future

needs and to insure its independence we shall all greatly rejoice,

but whether it shall succeed in this aim or not, we are probably

all agreed that this much at least of Professor Whitman's ideal

must be maintained, viz : that the laboratory must be left free

to grow and develop as its own needs and the interests of science

demand.

These are the ideals which Professor Whitman has succeeded

in making part and parcel of the Marine Biological Laboratory

and which we count among our most valuable possessions. To

those who measure the success of an institution by the size of

its buildings or endowments, his efforts at Woods Hole may
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seem in large part to have failed, but those who realize that

ideals are the motive forces of the world, that life consists not

in abundance of possessions but in abundance of service, that

science is not paraphernalia but knowledge these will not fail

to recognize the great value of the work Professor Whitman has

done for the Marine Biological Laboratory and for the whole

science of biology.

The trustees desire to place in the records of the laboratory

the following statement :

By the unanimous vote of the trustees the position of director

was tendered to Professor Frank R. Lillie. His acceptance of

this post has given the trustees the greatest satisfaction. They
feel not only that the material future of the laboratory is assured

under his management, but also that the high scientific ideals

of the laboratory will be maintained.

The trustees wish to take this opportunity to express to Pro-

fessor Lillie, as they have to Professor Whitman, their recogni-

tion of his splendid service in behalf of the laboratory. They
are encouraged to believe that the affairs of the laboratory could

not have been placed in abler hands. They wish to make public

recognition of their appreciation of Professor Lillie's past

services to the laboratory and to express to him their confidence

in entrusting the future of the laboratory to his care.

The trustees are also able to announce that Professor Oilman

A. Drew, who has successfully had in charge for years first

the course in zoology and later that in embryology, has accepted

the position of assistant director. His acceptance of this posi-

tion is a- guarantee that the part of the executive management
of the laboratorv which falls to his share will be ablv conducted.



V. REPORT OF THE TREASURER

SUMMARY OF THE REPORTS OF THE TREASURER
OF THE MARINE BIOLOGICAL LABORATORY
JANUARY i, 1907, TO DECEMBER 31, 1908

RECEIPTS

Cash on hand January i, 1907 $ 1.19

Income for 1907 I 5,779-7

Income for 1908 17,452.18 $33,233.07

DISBURSEMENTS

Expenses for 1907 $15,638.38

Expenses for 1908 17,476.25

Cash on hand December 29, 1908 118.44 $33,233.07
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ITEMIZED STATEMENT OF INCOME AND EXPENSES FOR

THE YEAR 1907

INCOME

Annual dues $ 388.00

Donations 7,000.00

Miscellaneous 384.61

Supply Department 5> T 77-O9

Tuitions 2,830.00 $15,779.70

EXPENSES

Administration 214.60

Advertising 73. 1 5

Biological Bulletin 706.51

Boats and launch 1,632.98

Chemicals, chemist supplies, etc 519.14

Fish trap 81.17

Instructors' salaries 1,975.00

Interest 180.50

Labor 3,063.01

Periodicals and library supplies 461.16

Postage I594O

Repairs 911.18

Sundries 2,375.79

Supply Department 3,284.79 $15,638.38

Surplus $ 141.32
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ITEMIZED STATEMENT OF INCOME AND EXPENSES FOR

THE YEAR 1908

INCOME

Annual dues $ 447.00

Donations 7,401.78

Fish trap 40. 1 3

Miscellaneous :

Interest on deposits $ 30.80

Bath House 48.00

Mess 121.00 199.80

Supply Department 6,630.13

Tuitions ... 2,733.34 $17,452.18

EXPENSES

Administration $ 150.00

Advertising 128.05

Bath Houses 70.32

Biological Bulletin 592-67

Boats and launch 747-7 1

Chemicals, chemist supplies, etc 752.20

Instructors' salaries 2,400.00

Insurance 688.54

Interest 150.00

Labor 3333-3
Periodicals and library supplies 612.53

Postage i4 T -32

Repairs 73941
Sundries 2,289.82

Supply Department 4,680.38 $17,476.25

Deficit $ 24.07



MARINE BIOLOGICAL LABORATORY
INVESTMENTS

JANUARY i, 1909

Reserve fund (previously called Endowment Fund) :

Amount of fund January i, 1907 $ 937.49

Income to January i, 1909 324.00 $ 1,261.49

Reserve fund now consists of the following:

$3,000 Am. Tel. & Tel. Co. 45, cost 2,921.25

6 shs. Am. Smelting & Refining Co. Pfd., cost 732.00

Cash 608.24

4,261.49

The above stocks and bonds are held as col-

lateral for loan of $3,000 3,000.00 1,261.49

LIBRARY FUND

Amount of fund January I, 1907 1,378.50

Income to January I, 1909 126.00

Sale of rights .81 1,505.31

The Library Fund now consists of the following:

3 shs. Am. Tel. & Tel. Co., cost 383.25

I of $1,000 Am. Tel. & Tel. Co. 43, cost 779.00

i sh. Am. Smelting & Refining Co. Pfd., cost 122.00

Cash 221.06 1,505.31

LUCRETIA CROCKER FUND
Amount of Fund January i, 1907 2,906.41

Sale of rights .94

Income after paying students' fees 55-OO 2,962.35

The Crocker Fund now consists of the following:

18 shs. Vermont & Mass. R. R. Co., cost... 2,416.50

i sh. West End St. Ry. Co., cost 83.00

i sh. Am. Tel. Si Tel. Co., cost I27-75

of $1,000 Am. Tel. & Tel. Co. 43, cost. . . . 194-75

Cash 140.35 2,962.35

DONATIONS NOT PREVIOUSLY ACKNOWLEDGED

Mr. C. R. Crane 1 1,000.00

Mrs. Frank R. Lillie 3,401.78



VI. THE DIRECTOR'S REPORT

I. INTRODUCTION

To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY.

Gentlemen: I beg leave to submit herewith a report concerning

the work of the Marine Biological Laboratory for the years 1907-

1908, with an appendix containing a compilation of the publica-

tions which have been based, wholly or in part, on work done

at the Laboratory during the entire period of its existence. In

this introductory statement I shall comment briefly on the general

functions of the Laboratory and on each of the main divisions of

the report. Acknowledgments are due the treasurer and the

librarian for their contributions to the report.

The year 1908 was marked by the resignation of Professor

Whitman who had served the laboratory as director from its

birth to its coming of age. It has rarely happened that the

spirit and ideals of an institution have approximated so closely

to the conceptions of its director. No greater tribute could be

paid to the wisdom and forethought of the ideals with which

Professor Whitman endowed the laboratory at its start than the

fact that they have proved the fertile germ of the ideals to

which, after twenty-one years of trial, we still remain loyal.

Through the organization of the Marine Biological Laboratory
Professor Whitman has impressed his high conceptions of scien-

tific investigation upon biology in America, and has thus con-

tributed more than any other single person to the present high

status of biological investigation in this country.

The continuation of the work of the Laboratory so that it shall

maintain a high standing and continue as an effective factor in

the progress of biological investigation imposes no light re-

sponsibility upon the trustees and officers. Our purpose is

essentially ideal and its pursuit demands our best efforts and our

loyalty. I believe that we should continue to maintain the

18
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cooperative relations of research and instruction that have always

given our laboratory a special character
;
that we should cultivate

the cooperation of institutions of learning -and of naturalists from

all parts of America, and that we should maintain our democratic

form of organization. In the membership of our corporation and

of our board of trustees we have a large proportion of the best

representatives of biological research. Their continued loyalty

to the organization and purposes of the Laboratory will inevitably

secure its success
; our organization and ideals must therefore be

such as to commend themselves to our large constituency.

Trustees. During the past year the following new members

have been added to the board of trustees: Dr. Milton J. Green-

man, director of the Wistar Institute of Anatomy and Biology of

Philadelphia; Professor G. H. Parker, of Harvard University;

Professor Ross G. Harrison, of Yale University, and Professor

T. H. Montgomery, Jr., of the University of Pennsylvania. The

best thanks of the board of trustees is due these gentlemen for

their willingness to serve, and the Laboratory is to be congratu-

lated on the increase in prestige and usefulness assured by their

presence on the board. We have to record with profound regret

and sorrow the loss by death of the distinguished professor of

zoology of Johns Hopkins University, William Keith Brooks,

who has been a member of the board since 1893.

Staff. At the close of the season of 1907 Professor Drew

resigned as head of the Department of Zoological Instruction

and his place was rilled most ably in 1908 by Professor W. C.

Curtis, of the University of Missouri, whose previous long con-

nection with the Laboratory fitted him unusually well to take

up this important work. Professor Drew took charge of the

instruction in embryology in 1908. Both of these gentlemen will

continue in charge of their departments. Professor Drew has

also acted as assistant director since last August at the request

of the director, and his formal appointment to this office is

recommended. Professor A. P. Mathews continued in charge of

physiology, and Dr. George T. Moore in charge of botany ; special

acknowledgments are due both for rendering their services with-

out compensation.

Subscribing Institutions. The number of subscribing institu-
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tions which provide for the fees of students or rental of research

rooms was sixteen in 1907 and seventeen in 1908; Rochester

University, the University of Cincinnati, Vassar Brothers' Insti-

tute, and the U. S. Department of Agriculture dropped out, and

McGill University, Pennsylvania State School of Forestry,

Williams College, the Wistar Institute of Anatomy and Biology

and Yale University were added in 1908. The Wistar Institute

subscribed for five rooms and permitted the director of the

laboratory to nominate occupants, thus providing for one of our

greatest needs. The extension of the system of cooperating in-

stitutions is greatly to be desired, and there can be no doubt that

it is possible.

Attendance. The total attendance was 107 in 1907 and 100 in

1908; of this number 60 were investigators in 1907 and 52 in

1908. The principal loss in attendance in recent years has been

due to a decrease in the number of the class of beginning in-

vestigators; a fact to be regretted because it is from this class

that fruitful investigators are to be recruited. The number of

independent investigators has decreased but little, being 50 in

1907 and 46 in 1908, two less in physiology and in botany and

the same number in zoology. It is entirely improbable that the

slight decrease in attendance represents any permanent defection,

for the character of the support of the laboratory has, if any-

thing, increased in quality rather than diminished. And the

growing tendency for biologists to establish summer homes of

their own in the immediate neighborhood of the Laboratory is a

sign and assurance of stability that outweighs any slight fluctua-

tion of numbers. Nevertheless, it is to be hoped that every-

thing possible may be done to increase the attendance of young

investigators, for one of the most valuable functions of the

laboratory in the past has been to stimulate the desire and ambi-

tion for research.

The number of students in 1908 was one more than in 1907,

48 and 47 respectively. The addition of new courses in 1908 did

not bring the expected increase in attendance, but it is hoped that

it may do so in 1909. So large an attendance of students as

used to come to Woods Hole is hardly to be expected, in view

of the more considerable competition of summer courses in uni-
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versities and other laboratories. Indeed a large increase of

students is not to be desired, though we could well care for

some more.

Treasurer's Report. The report of the treasurer again shows

an income sufficient for our expenditures, if not for our needs.

And again it will be seen that a very large proportion of income

is in the form of donations, for the major portion of which we

are indebted to the president of the board. Mr. Crane's sym-

pathetic and continual generosity puts us under a load of obliga-

tion which we can repay only by devotion of our time and best

endeavors to the interests of the laboratory.

Our four main sources of income are : fees for tuition, rental

of rooms, sale of biological material and donations. The last is

the measure of our deficit, and it is to be questioned if the latter

can be reduced relative to the sources of income proper. There

is a continual tendency for increase. in expense of maintenance

due to higher salaries for the greater efficiency that comes of

long service, the increasing complexity of means of investigation

and the growing cost of everything. We can hardly expect a

great increase in tuition fees, though there should be some im-

provement there. But by our united endeavors we can surely

increase the number of subscriptions for rental of rooms. Many
rooms are now given free, a policy that has been of great service

both to individual investigators and to the Laboratory. It is not

proper, nor should we propose, to put the burden of room rents

on the shoulders of investigators, but institutions can and should

provide for the facilities used by members of their staffs. The

cash receipts of the supply department have increased from

$2,578.85 in 1900 to $5,616.54 in 1906, and $6,630.13 in 1908.

We are far from having reached the limit of possibilities in this

direction, and a steady growth is to be expected.

Research Seminar and Evening Lectures. The research semi-

nar and evening lectures have been continued
; they have been

well attended, and their influence has been good. The physiology

lectures under Dr. Mathews' direction have been a great attrac-

tion; a large number of investigators have taken part and the

discussions have been lively and stimulating.

Publication of the evening lectures ceased some years ago
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when the publishers refused longer to bear the deficit. While it

is hardly probable that the sale of volumes of the evening lectures

can be made to pay the expense of publication, owing to the fact

that they appeal for the most part to professional biologists, it

should nevertheless be possible to issue them at relatively slight

net expense. There can be no question that they filled a decided

want. They formed an important element in the general prestige

of the laboratory and gave expression to the forms of investiga-

tion characteristic of the time and place better than anything

else. It is therefore desirable that their publication should be

resumed, and this is recommended.

Library. Miss Clapp, who has served as librarian for many

years without compensation and with entire devotion to the

interests of the Laboratory, has retired; Dr. Knower, of Johns

Hopkins University, is recommended as her successor. While

there is a useful collection o.f books in the library, much remains

to be done, and it is to be hoped that considerable additions may
be made without much cost by exchange and solicitation of dona-

tions of proceedings of learned societies. One of the most im-

portant special needs of the Laboratory is a fireproof building

and endowment for library purposes. It would add greatly to

the attractiveness of Woods Hole, and would facilitate the work

of every investigator.

Corporation. The membership of the corporation should re-

ceive the earnest attention of the trustees. Under our demo-

cratic organization it is the court of last resort. Its membership
should therefore be as representative as possible and no pains

should be spared to secure desirable members, and give them

reason for real interest in laboratory affairs.

International Zoological Congress. The season of 1907 is

memorable in our annals for the visit of the Seventh International

Zoological Congress to Woods Hole. Some foreign members

of the congress came early to America to avail themselves of the

opportunity for work at the Marine Biological Laboratory.

Others made a relatively long visit. The official visit of the

congress was made on August 25, 1907. Fifty members came

down by special invitation on the preceding evening and were

entertained by the Forbes family 'at Naushon, by the Bureau of
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Fisheries, and by members of the Laboratory in their homes.

The balance of the members came next morning, and all were

greeted by Professor Whitman for the Marine Biological Lab-

oratory and Doctor Sumner for the Bureau of Fisheries. In-

spection of the laboratories followed and lunch was served at

the Mess. In the afternoon the U. S. Fish Commission steamer,
"
Fish Hawk," carried the party to New Bedford, where they

embarked for New York.

A special feature of the occasion was the signing of a greeting

to the director of the Zoological Station of Naples. The names

signed to this greeting (see p. 45) constitute the only roster of

attendance at Woods Hole.

Publications of the Laboratory. A research institution with a

resident staff has a ready record of its achievements in the publi-

cations of its members. But a large part of the achievements of

an institution such as ours consists in somewhat elusive influences,

and it is difficult to estimate the concrete achievements in the

way of publications because in many cases only a part of each

research which is undertaken at the laboratory is actually accom-

plished there. In many cases it is the chief part ;
in other cases

only a secondary part. It is perhaps for this reason that the only

report on publications from the laboratory is a partial one made

in 1895. In preparing the list of publications from the Marine

Biological Laboratory (see p. 57) which forms part of the

director's report, all those who have worked at the Laboratory

were requested to furnish a list of their publications based

wholly or in part on work accomplished at the Marine Biological

Laboratory. The labor of compilation has been a considerable

one, and is only approximately complete. However, the great

majority of investigators have been most kind in furnishing

lists of their own publications and it is believed that the list

will give a more adequate conception than anything else of the

activities of the Laboratory in research.



2. THE STAFF, 1907

C. O. WHITMAN, DIRECTOR,

Professor of Zoology, University of Chicago.

F. R. LILLIE, ASSISTANT DIRECTOR,

Associate Professor of Embryology, University of Chicago.

ZOOLOGY
I. INVESTIGATION

E. G. CONKLIN Professor of Zoology, University of Penn-

sylvania.

C. W. HARGITT Professor of Zoology, Syracuse University.

GEORGE LEFEVRE Professor of Zoology, University of Mis-

souri.

WARREN H. LEWIS Associate Professor of Anatomy, Johns

Hopkins University.

FR..NK R. LILLIE Associate Professor of Embryology, Uni-

versity of Chicago.

T. H. MORGAN Professor of Experimental Zoology, Co-

lumbia University.

C. O. WHITMAN Professor of Zoology, University of Chi-

cago.

E. B. WILSON Professor of Zoology, Columbia University.

II. INSTRUCTION

GILMAN A. DREW Professor of Biology, University of Maine. .

R. A. BUDINGTON Instructor in Biology, Wesleyan Univer-

sity, Conn.

OTTO C. GLASER Instructor in Zoology, University of Mich-

igan.

LORANDE L. WOODRUFF . . Instructor in Biology, Williams College.

PAUL M. REA Professor of Biology, College of Charles-

ton, and Director of the Charleston Mu-
seum.

MAX MORSE Tutor in Natural History, College of the

City of New York.
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COMPARATIVE PHYSIOLOGY

ALBERT P. MATHEWS Professor of Physiological Chemistry, Uni-

versity of Chicago.
R. S. LILLIE Instructor in Physiological Zoology, Uni-

versity of Pennsylvania.
A. J. CARLSON Assistant Professor of Physiology, Univer-

sity of Chicago.
EDWARD G. SPAULDING . . Assistant Professor of Philosophy, Prince-

ton University.

OLIVER P. TERRY Instructor in Physiology, Purdue Univer-

sity.

HORATIO H. NEWMAN . . . Instructor in Zoology, University of Mich-

igan.

BOTANY

GEORGE T. MOORE Washington, D. C.

GEORGE R. LYMAN Assistant Professor of Botany, Dartmouth

College.

IVEY FOREMAN LEWIS . . . Fellow in Botany, Johns Hopkins Univer-

sity.

CORNELIA M. CLAPP, Librarian.

OLIVER S. STRONG, Chemist.

MARION C. GILE, Assistant Librarian.

K. HAYASHI, Artist.

KENJI TODA, Artist.

G. M. GRAY, Curator of Supply Department.

JOHN VEEDER, Cockswain.



THE STAFF, 1908

C. O. WHITMAN, DIRECTOR,

Professor of Zoology, University of Chicago.

F. R. LILLIE, ASSISTANT DIRECTOR,

Professor of Embryology, University of Chicago.

ZOOLOGY
I. INVESTIGATION

E. G. CONKLIN Professor of Zoology, University of Penn-

sylvania.

C. W. HARGITT Professor of Zoology, Syracuse University.

Ross G. HARRISON Professor of Comparative Anatomy, Yale

University. (Absent in 1908.)

GEORGE LEFEVRE Professor of Zoology, University of Mis-

souri.

WARREN H. LEWIS Associate Professor of Anatomy, Johns

Hopkins University.

FRANK R. LILLIE Professor of Embryology, University of

Chicago.

T. H. MORGAN Professor of Experimental Zoology, Co-

lumbia University.

C. O. WHITMAN Professor of Zoology, University of Chi-

cago.

E. B. WILSON Professor of Zoology, Columbia University.

II. INSTRUCTION

WINTERTON C. CURTIS . . Professor of Zoology, University of Mis-

souri.

LORANDE L. WOODRUFF . . Instructor in Biology, Yale University.

PAUL M. REA Professor of Biology, College of Charles-

ton, and Director of the Charleston Mu-
seum.

WEBSTER CHESTER Associate Professor of Biology, Colby Col-

lege.
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EDWARD E. WILDMAN . . Fellow in Zoology, Princeton University.

JOHN W. SCOTT Westport High School, Kansas City.

A. S. PEARSE Instructor in Zoology, University of Mich-

igan.

EMBRYOLOGY
GILMAN A. DREW Professor of Biology, University of Maine.

LORANDE L. WOODRUFF . . Instructor in Biology, Yale University.

WILLIAM E. KELLICOTT. . Professor of Biology, Woman's College of

Baltimore.

HARVEY E. JORDAN Adjunct Professor of Anatomy, University

of Virginia.

PHYSIOLOGY

ALBERT P. MATHEWS Professor of Physiological Chemistry, Uni-

versity of Chicago.

E. P. LYON Professor of Physiology, University of St.

Louis.

R. S. LILLIE Instructor in Comparative Physiology, Uni-

versity of Pennsylvania.

EDWARD G. SPAULDING . . Assistant Professor of Philosophy, Prince-

ton University.

BOTANY

GEORGE T. MOORE Water Mill, New York.

JOHN M. COULTER Professor of Botany, University of Chi-

cago.

B. M. DUGGAR Professor of Plant Physiology, Cornell

University.

HENRY KRAEMER Professor of Botany, Philadelphia College

of Pharmacy.
HERMANN VON SCHRENK. Pathologist, Missouri Botanical Garden.

ERWIN F. SMITH In charge of Laboratory of Plant Pathol-

ogy, United States Department of Agri-

culture.

M. B. THOMAS Professor of Botany, Wabash College.

GEORGE R. LYMAN Assistant Professor of Botany, Dartmouth

College.

C. J. CHAMBERLAIN .... Assistant Professor of Botany, University

of Chicago.
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R. R. GATES Assistant in Botany, University of Chicago.

C. H. SHATTUCK Assistant in Botany, University of Chicago.

W. R. MAXON Assistant Curator, U. S. National Museum.

ARTHUR W. TAYLOR .... Principal High School, Hampstead, N. H.,

Assistant Collector.

JACOB SCHRAMM Wabash College, Assistant Collector.

CORNELIA M. CLAPP, Librarian.

OLIVER S. STRONG, Chemist.

KENJI TODA, Artist.

G. M. GRAY, Curator of Supply Department.

JOHN VEEDER, Cockswain.



3. SUBSCRIBING INSTITUTIONS, 1907

ACADEMY OF NATURAL SCIENCES, PHILADELPHIA.

MOUNT HOLYOKE COLLEGE.

ROCHESTER UNIVERSITY.

SMITH COLLEGE.

SYRACUSE UNIVERSITY.

UNIVERSITY OF CHICAGO.

COLUMBIA UNIVERSITY.

UNIVERSITY OF PENNSYLVANIA.

UNIVERSITY OF CINCINNATI.

VASSAR COLLEGE.

WELLESLEY COLLEGE.

WOMAN'S COLLEGE OF BALTIMORE.

KANSAS UNIVERSITY WOMAN'S TABLE SUPPORTED BY MRS. ROBINSON.

VASSAR BROTHERS' INSTITUTE.

UNIVERSITY OF MICHIGAN, BRYANT WALKER SCHOLARSHIP.

UNITED STATES DEPARTMENT OF AGRICULTURE.
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SUBSCRIBING INSTITUTIONS, 1908

ACADEMY OF NATURAL SCIENCES, PHILADELPHIA.

COLUMBIA UNIVERSITY.

KANSAS UNIVERSITY WOMAN'S TABLE SUPPORTED BY MRS. ROBINSON.

LUCRETIA CROCKER SCHOLARSHIP, BOSTON PUBLIC SCHOOLS.

McGiLL UNIVERSITY.

MOUNT HOLYOKE COLLEGE.

PENNSYLVANIA STATE SCHOOL OF FORESTRY.

SMITH COLLEGE.

SYRACUSE UNIVERSITY.

UNIVERSITY OF CHICAGO.

UNIVERSITY OF MICHIGAN.

UNIVERSITY OF PENNSYLVANIA.

VASSAR COLLEGE.

WELLESLEY COLLEGE.

WILLIAMS COLLEGE, WALKER SCHOLARSHIP FUND.

WISTAR INSTITUTE OF ANATOMY AND BIOLOGY.

WOMAN'S COLLEGE OF BALTIMORE.

YALE UNIVERSITY.



4. INVESTIGATORS AND STUDENTS,

1907-1908

INVESTIGATORS
1907

a. OCCUPYING PRIVATE ROOMS

i. ZOOLOGY
BONNEVIE, KRISTINE E. H., Konservator, University of Kristiania, Norway.

BUDINGTON, R. A., Instructor in Biology, Wesleyan University, Middle-

town, Conn.

CHILD, CHARLES M., Assistant Professor of Zoology, University of

Chicago, Chicago, 111.

CONKLIN, EDWIN G., Professor of Zoology, University of Pennsylvania,

Philadelphia, Pa.

COOKE, ELIZABETH, Kearsage Village, New Hampshire.

DICKERSON, MARY C., Providence, Rhode Island.

DOWNING, ELLIOT ROWLAND, Northern State Normal School, Marquette,

Michigan.

DREW, OILMAN A., Professor of Biology, University of Maine, Orono,

Maine.

GARDINER, EDWARD G., 131 Mt. Vernon Street, Boston, Mass.

GLASER, O. C., Instructor in Zoology, University of Michigan, Ann Arbor,

Michigan.

VON GRAFF, LUDWIG, Professor of Zoology and Anatomy, K. k. Univer-

sitat, Graz, Austria.

GUYER, M. F., Professor of Zoology, University of Cincinnati.

HEATH, HAROLD, Professor of Invertebrate Zoology, Stanford University,

Palo Alto, California.

LEFEVRE, GEORGE, Professor of Zoology, University of Missouri, Columbia,

Missouri.

LEWIS, WARREN H., Associate Professor of Anatomy, Johns Hopkins Uni-

versity, Baltimore, Md.

LILLIE, FRANK R., Professor of Embryology, University of Chicago,

Chicago, Illinois.
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LOEB, LEO, Associate Professor of Experimental Pathology, University of

Pennsylvania, Philadelphia, Pa.

MAAS, OTTO, University of Munich, Munich, Germany.

MAST, SAMUEL OTTMAN, Professor of Biological Sciences, Hope College.

MORGAN, THOMAS H., Professor of Experimental Zoology, Columbia Uni-

versity, New York City.

MORSE, MAX, Tutor in Natural History, College of the City of New York,
New York City.

MURBACH, Louis, Head of Department of Biology, Central High School,

Detroit, Michigan.

NOGUCHI, HIDEYO, Associate Professor, Rockefeller Institute for Medical

Research.

REA, PAUL M., Professor of Biology, College of Charleston and Director

of Charleston Museum, Charleston, S. C.

SCOTT, JOHN W., Instructor in Biology, Westport High School, Kansas

City, Missouri.

STREETER, GEORGE L., Associate Professor of Neurology, Wistar Institute

of Anatomy, Philadelphia, Pa.

STRONG, O. S., Instructor in Normal Histology and Embryology, Columbia

University, New York City.

TINGLE, J. BISHOP, Professor of Chemistry, McMaster University, Toronto,

Canada.

WHITMAN, C. O., Professor of Zoology, University of Chicago, Chicago.

WILHELME, FELIUS, Stazione Zoologica, Naples, Italy.

WILSON, EDMUND B., Professor of Zoology, Columbia University, N. Y.

WOODRUFF, LORANDE L., Instructor in Biology, Williams College, Williams-

town, Mass.

2. PHYSIOLOGY

CARLSON, A. J., Assistant Professor of Physiology, University of Chicago,

Chicago, 111.

LILLIE, RALPH S., Instructor in Physiological Zoology, University of Penn-

sylvania, Philadelphia, Pa.

MATHEWS, ALBERT P., Professor of Physiological Chemistry, University

of Chicago, Chicago, 111.

MEEK, WALTER J., Professor of Biology, Penn College, Oskaloosa, Iowa.

NEWMAN, HORATIO H., Instructor in Zoology, University of Michigan, Ann

Arbor, Mich.

PACKARD, WALES H., Assistant Professor of Biology, Bradley Polytechnic

Institute, Peoria, 111.

SPAULDING, EDWARD G., Assistant Professor of Philosophy, Princeton Uni-

versity, Princeton, N. J.

TERRY, OLIVER P., Professor of Physiology, Indiana Medical College, West

Lafayette, Ind.
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3. BOTANY
KELLERMAN, KARL F., Department of Agriculture, Washington, D. C.

LEWIS, IVEY FOREMAN, Fellow in Botany, Johns Hopkins University.

LYMAN, GEORGE RICHARD, Assistant Professor of Botany, Dartmouth Col-

lege, Hanover, N. H.

MACRAE, LILLIAN J., Teacher, South Boston High School, South Boston,

Mass.

MOORE, GEORGE T., West Chester, Pa.

SNOW, JULIA WARNER, Associate Professor of Botany, Smith College.

STICKNEY, MALCOLM E., Assistant Professor of Botany, Denison University.

SMITH, Dr. ERWIN F., Department of Agriculture, Washington, D. C.

QUIRK, AGNES JOHANNA, U. S. Department of Agriculture, Washington,

D.C.

HEDGES, FLORENCE, U. S. Department of Agriculture, Washington, D. C.

b. OCCUPYING TABLES

i. ZOOLOGY
BECKWITH, CORA J., Instructor in Biology, Vassar College, Poughkeepsie,

N. Y.

BROWNE, ETHEL NICHOLSON, Student, Columbia University, New York City.

COOK, MARGARET HARRIS, Fellow in Biology, University of Pennsylvania,

Philadelphia, Pa.

GOLDFARB, A. J., Graduate Student, Columbia University, New York City.

KIMURA, TOKENZO, Student, Columbia University, New York City.

MORGULIS, SERGIUS, Fellow in Zoology, Columbia University, New York

City.

SHOREY, MARION L., Fellow in Zoology, University of Chicago, Chicago, 111.

TOMPKINS, ELIZABETH M., Teacher, High School, Poughkeepsie, N. Y.

YOUNG, ROBERT T., Instructor in Biology, University of North Dakota.

2. PHYSIOLOGY
BUNZEL, HERBERT H., Assistant in Physiological Chemistry, University of

Chicago, Chicago, 111.

STUDENTS
1907

i. ZOOLOGY
1. BACON, CHARLES MELVILLE, Beloit College.

2. BECKWITH, ANGIE MARIA, Vassar College.
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3. BICKEL, MARY S., Smith College.

4. BISHOP, MABEL, Wellesley College.

5. BISSELL, HAROLD I., Rochester, N. Y.

6. Box, CORA MAY, University of Cincinnati.

7. CARR, GLORIA W., University of Missouri.

8. CHIDESTER, FLOYD EARLE, Syracuse University.

9. DOWELL, ANITA SHEMWELL, Woman's College of Baltimore.

10. FRAZEE, MARY LOUISE, Woman's College of Baltimore.

11. FURST, WALTER BENEDICT, Penn. State College.

12. HAINES, GEORGE CLARK, Beloit College.

13. HALLOCK, FRANCES A., New York Normal College.

14. HOGE, MILDRED A., Woman's College of Baltimore.

15. JOHNSON, ARTHUR W., Beloit College.

16. KITE, GEORGE LESTER, Princeton University.

17. LEAHY, GEORGE V., St. John's Seminary, Brighton, Mass.

18. LYON, MARY B., Mt. Holyoke College.

19. MARSHALL, MARGARET E., University of Texas.

20. MERRIAM, CHARLES G., Lexington, Mass.

21. PACKARD, CHARLES, Syracuse University.

22. PAFFORD, HOWARD THOMAS, Williams College.

23. PALMER, SAMUEL COPELAND, Swarthmore Preparatory School.

24. PARET, ANNIE ELIZABETH, Miss Hill's School for Girls, Philadelphia.

25. PERKINS, MILLICENT E., Mt. Holyoke College.

26. RAND, CARL WHEELER, Williams College.

27. SADLER, NETTIE M., Syracuse High School.

28. SHULL, AARON FRANKLIN, University of Michigan.

29. SPENCER, HENRY JAMES, Syracuse University.

30. SPOONER, GEORGINA B., Vassar College.

31. STEWART, NORMAN H., University of Rochester.

32. STRONGMAN, ELIZABETH J., Girls' High School, Roslindale.

33. TAYLOR, HELEN GREY, Vassar College.

34. WHITMAN, FRANK W., Hyde Park High School, Chicago.

2. BOTANY
1. BUNTON, LILLIAN E., University of Kansas.

2. BUSHEE, GRACE LYDIA, Smith College.

3. JACKSON, ETHEL ALICE, Mt. Holyoke College.

4. MUDGE, CORA BELL, Bowditch School, Boston.

5. REYNOLDS, CARRIE, Lake View High School, Chicago.

6. SACHETT, CLARK HAROLD, Oberlin College.

7. THOMAS, MASON B., Wabash College.

8. WESTON, MARION D., Mt. Holyoke College.

9. WOOD, ELIZABETH M., Dorchester High School, Boston.
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3. PHYSIOLOGY
1. HUBBARD, RALPH HUSTACE, Columbia University.

2. PATTEN, JANE BOIT, Simmons College.

3. TINKHAM, FLORENCE L., Mt. Holyoke College.

4. WIEMAN, HARRY LEWIS, University of Cincinnati.
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INVESTIGATORS
1908

a. OCCUPYING PRIVATE ROOMS

i. ZOOLOGY
BUDINGTON, ROBERT A., Associate Professor of Zoology, Oberlin College.

CHESTER, WEBSTER, Associate Professor of Biology, Colby College.

CONKLIN, EDWIN G., Professor of Zoology, Princeton University.

COOKE, ELIZABETH, University of Pennsylvania.

CURTIS, WINTERTON C., Professor of Zoology, University of Missouri.

DREW, OILMAN A., Professor of Biology, University of Maine.

EVANS, HERBERT McLEAN, Assistant in Anatomy, Johns Hopkins University.

GLASER, O. C., Assistant Professor of Zoology, University of Michigan.

GOLDFARB, A. J., Graduate Student, Columbia University.

HEGNER, ROBERT W., University of Michigan.

HOOKER, DAVENPORT, Graduate Student, Yale University.

JORDAN, HARVEY E., Adjunct Professor of Anatomy, University of Virginia.

KELLICOTT, WM. E., Professor of Biology, Woman's College, Baltimore, Md.

KNOWER, H. McE., Associate in Anatomy, Johns Hopkins University.

LEWIS, WARREN H., Associate Professor of Anatomy, Johns Hopkins

University.

LILLIE, FRANK R., Professor of Embryology, University of Chicago.

LOEB, LEO, Professor of Pathology, University of Pennsylvania.

MONTGOMERY, T. H., Jr., Professor of Zoology, University of Pennsylvania.

MORGAN, T. H., Professor of Experimental Zoology, Columbia University.

MORRILL, CHARLES V., Lecturer in Histology and Cytology, College of

Medicine, Syracuse University.

MURBACH, Louis, Central High School, Detroit, Mich.

PEARSE, ARTHUR S., Instructor in Zoology, University of Michigan.

REA, PAUL M., Professor of Biology, College of Charleston and Director

of the Charleston Museum.

RIDDLE, OSCAR, Instructor in Experimental Therapeutics and Zoology,

University of Chicago.

SCOTT, JOHN W., Professor of Biology, Westport High School, Kansas

City, Mo.

STOCKARD, CHARLES R., Instructor in Comparative Anatomy, Cornell Uni-

versity Medical School.

STRONG, OLIVER S., Instructor in Normal Histology and Embryology, Col-

lege of Physicians and Surgeons, New York City.
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WALLACE, LOUISE B., Instructor in Zoology, Mount Holyoke College.

WILDMAN, EDWARD E., Fellow in Zoology, Princeton University.

WILSON, E. B., Professor of Zoology, Columbia University.

WOODRUFF, L. L., Instructor in Biology, Yale University.

YERKES, ROBERT M., Professor of Comparative Psychology, Harvard

University.

2. PHYSIOLOGY
KNOWLTON, FRANK P., Professor of Physiology, Syracuse University.

LILLIE, R. S., Instructor in Comparative Physiology, University of Penn-

sylvania.

LYON, ELIAS P., Professor of Physiology, St. Louis University Medical

School.

MATHEWS, ALBERT P., Professor of Physiological Chemistry, University of

Chicago.

SPAULDING, EDWARD G., Assistant Professor of Philosophy, Princeton

University.

SHACKLEE, A. O., Instructor in Pharmacology, St. Louis University.

3. BOTANY
CHAMBERLAIN, C. J., Assistant Professor of Botany, University of Chicago.

DUGGAR, B. M., Professor of Plant Physiology, Cornell University.

GATES, REGINALD R., Assistant in Botany, University of Chicago.

LYMAN, GEORGE R., Assistant Professor of Botany, Dartmouth College.

MAXON, W. R., Assistant Curator, U. S. National Museum.

MOORE, GEORGE T., Water Mill, New York.

SHATTUCK, C. H., Assistant in Botany, University of Chicago.

THOMAS, MASON B., Professor of Botany, Wabash College.

b. OCCUPYING TABLES

BARTELMEZ, GEORGE W., Laboratory Assistant, University of Chicago.

BECKWITH, CORA J., Instructor in Biology, Vassar College.

BROWN, ETHEL N., Student, Columbia University.

McKiBBEN, PAUL S., Student, University of Chicago.

MORGULIS, SERGIUS, Student, Harvard University.

SPOONER, GEORGINA B., Student, Columbia University.

STUDENTS

ZOOLOGY
1. ALTON, BENJAMIN H., South Dakota State College, Brookings, S. D.

2. CARVER, GAIL C., Mercer University, Macon, Georgia.
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3. CATTELL, ELETH, Garrison-on-Hudson, New York.

4. CATTELL, McKEEN, Garrison-on-Hudson, New York.

5. CLARK, MARY A., Mount Holyoke College.

6. DAWSON, AVA B., Teacher, Boston Public Schools.

7. EATON, ELON H., Hobart College.

8. GARDNER, JULIA A., Johns Hopkins University.

9. HALSTED, HARBECK, Western Reserve University.

10. HOWLAND, RUTH B., Syracuse University.

11. KELLY, FRANK J., University of Pennsylvania.

12. KELLY, JAMES P., Teacher, Public Schools, New York City.

13. LINTON, ELEANOR A., Smith College, Northampton, Mass.

14. MELLEN, IDA M., Brooklyn, New York.

15. MILLER, NEWTON, Clark University, Worcester, Mass.

16. NOYES, ALICE A., Mount Holyoke College.

17. RICHARDS, ESTHER L., Mount Holyoke College.

18. ROE, ADAH B., Woman's College of Baltimore.

19. SAYRE, MARY L., Woman's College of Baltimore.

EMBRYOLOGY
1. BECKWITH, CORA J., Vassar College.

2. BULLARD, FLORENCE L., Vassar College.

3. CHIDESTER, FLOYD E., University of Chicago.

4. DAY, CLARENCE M., Wesleyan University.

5. DEAN, ROLLIN C., Wesleyan University.

6. HAYDEN, MARGARET A., Raleigh, N. C.

7. JACKSON, CLARENCE M., University of Missouri.

8. LAURENS, HENRY, College of Charleston.

9. LYON, MARY B., Mount Holyoke College.

10. MOODY, JULIA E., Mount Holyoke College.

11. RAND, CARL WHEELER, Williams College.

12. SHAW, HAROLD C., Wesleyan University.

13. SPENCER, HENRY J., Columbia University.

14. STEPHENSON, JOSEPH C., University of Chicago.

15. HEWITT, JULIA A. W., Wellesley College.

BOTANY
1. BLAKEY, ELEANOR, University of Kansas.

2. DAVIS, FLORENCE R., Wellesley College.

3. ELTING, REBEKAH, Vassar College.

4. HEDGES, FLORENCE, Bureau of Plant Industry, U. S. Department of

Agriculture.

5. ILLICK, JOSEPH, Pennsylvania State School of Forestry.

6. KENNEDY, MARY E., Mount Holyoke College.

7. MOODY, REBECCA E., University of Kansas.
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8. PALLISER, HELEN L., Barnard College.

9. SCHAFHEITLIN, GERTRUDE, McGill University.

10. SCHRAMM, JACOB R., Wabash College.

11. TAYLOR, ARTHUR W., Dartmouth College.

PHYSIOLOGY
1. THAYER, LUCY C, Teacher, High School, Medfield, Mass.

2. MACKENZIE, MARY D., Western College for Women, Oxford, Ohio.

3. ULLMANN, HENRY J., University of Chicago.



5. TABULAR VIEW OF ATTENDANCE

1907

INVESTIGATORS Total 60

Occupying Rooms

Zoology 32

Physiology 8

Botany 10

Occupying Tables

Zoology 9

Physiology I

Botany

STUDENTS Total 47

Course in Zoology 34

Course in Physiology 4

Course in Botany 9

UNIVERSITIES AND COLLEGES REPRESENTED 47

By investigators 26

By students 21

SCHOOLS AND ACADEMIES REPRESENTED 13

By investigators 4

By students 9

1908

INVESTIGATORS Total 52

Occupying Rooms

Zoology 32

Physiology 6

Botany 8

Occupying Tables

Zoology 6

STUDENTS Total 48

Zoology 19

Embryology 15

Physiology 3

Botany 1 1
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UNIVERSITIES AND COLLEGES REPRESENTED 51

By investigators 25

By students 26

SCHOOLS REPRESENTED 5

By investigators 2

By students 3



6. RESEARCH SEMINAR AND EVENING
LECTURES, 1907-1908

RESEARCH SEMINAR

1907

A. P. MATHEWS "
Spontaneous Respiration of the

Sugars" July 9

MAX MORSE
"
Reactions of the Meal Worm ". . .July 9

A. J. GOLDFARB
"
Study of the Effects of Lecithin

on Growth "
July 16

GILMAN A. DREW " The Rate of Egg Production by

Domestic Fowls
"

July 16

A. J. CARLSON
" Some Points in the Secretion of

Saliva in Mammals "
July 23

C. M. CHILD "Amitosis as a Factor in Normal

and Regulatory Growth "
July 30

O. C. GLASER "A Rapid Method of Demonstrating

Habit Formation
"

July 30

J. B. TINGLE "
E. Fischer's More Recent Work on

Proteids" August 6

EVENING LECTURES

1907

WM. LORD SMITH "
Tiger Lands "

July 12

E. G. CONKLIN "Micro-Photography by Ultra-Vio-

let Light
"

July 19

C. M. CHILD
" Some Consideration on the Phys-

iology of Form-Regulation ".. .July 26

FREDERICK V. COVILLE."A New Branch of Applied Bot-

any" August 2

W. B. SCOTT "Observations in South Africa". . .August 7

A. G. MAYER " The Role of Magnesium in the

Control of Rhythmical Pulsa-

tion" August 9

WM. BATESON Demonstrations of Mendelian In-

heritance August 12

42
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WM. BATESON "More Complex Phenomena and

Morbid Inheritance in Man ". .August 13

E. B. WILSON Demonstrations with lantern slides

of photographs of chromo-

somes August 15

A. A. W. HUBRECHT. ."Phylogeny of the Allantois
"

August 16

RESEARCH SEMINAR

1908

A. P. MATHEWS "The Spontaneous Oxidation of

Some Cell Constituents" July 8

C. R. STOCKARD
"
Studies on the Rate of Regenera-

tive Growth "
July 15

LEO LOEB "
Experimental Production of De-

cidua
"

July 22

A. S. PEARSE "Reactions of Amphibians to

Light" July 29

W. C. CURTIS "
Artificial Propagation of Fresh

Water Mussels
"

August 5

SEMINAR IN PHYSIOLOGY

1908

E. B. WILSON
"
Inheritance of Sex "

July 7

E. G. CONKLIN
"
Organization of the Egg

"
July 9

R. R. GATES "Chromosomes in CEnothera
"

....July n
T. H. MORGAN " Mendelian Inheritance

"
July 14

A. P. MATHEWS "
Inheritance from the Physiolog-

ical Standpoint
"

July 16

E. G. SPAULDING "Is the Organism a Mechanism? ".July 18

A. P. MATHEWS "The Chemistry of Fertilization ". July 21

R. S. LILLIE
"
Irritability

"
July 23

R. S. LILLIE
"
Contractility

"
July 25

A. P. MATHEWS "
Chemistry of Respiration

"
July 28

J. R. MURLIN "Proteid Metabolism of Develop-

ment "
July 30

J. R. MURLIN
"
General Metabolism of Develop-

ment "
July 31

E. P. LYON "
Tropisms

"
August i

S. O. MAST "
Reactions to Light

"
August 4
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E. G. SPAULDING . . . .

"
Postulates and Results in Treating

the Problem of Behavior
"

August 6

G. H. PARKER " Evolution of the Nervous Sys-

tem "
August 8

E. B. MEIGS
"
Theory of Muscular Contractility

"
August 10

E. G. SPAULDING
"
Biology and Pragmatism

"
August n

EVENING LECTURES

1908

ULRIC DAHLGREN " The Electric Fishes
"

July 3

FRANK M. CHAPMAN. "The Pelicans of America" July 10

ABBOTT H. THAVER. .." Demonstration of Protective Col-

oration
"

July 10

G. H. PARKER " The Origin of Vertebrate Eyes
"
July 24

THEOBALD SMITH ...."The Transmission of Immunity
from Mother to Offspring" ...July 28

M. J. GREENMAN "A Sketch of the Wistar Institute

and its Work "
July 31

A. G. MAYER "
Effects of Chemicals upon Pulsa-

tion
"

August 7



MEETING OF THE SEVENTH INTERNA-
TIONAL ZOOLOGICAL CONGRESS

AT WOODS HOLE

The Seventh International Zoological Congress visited the

laboratories of the Marine Biological Laboratory and of the

U. S. Bureau of Fisheries, at Woods Hole, August 25, 1907

(see page 22). The signatures to the following message to the

director of the Naples Zoological Station constitute a nearly

complete roster of the attendance on this occasion :

Dear Dr. Dohrn:

Members of the International Zoological Congress, and the

Marine Biological Laboratory and the United States Fish Com-
mission Station, all join in expressing their keen regret for your
absence at the meetings of the Congress, in Boston, and at Woods

Hole, and the earnest hope that your health and strength may be

speedily recovered, and yet many years be added to those you
have already given to science and to the development of marine

stations.

The message was signed by the following:

C. O. WHITMAN, Chicago.

FRANK R. LILLIE, Chicago.

G. KOSHEWNIKOV, Moscow.

RALPH S. LILLIE, Philadelphia.

W. L. TOWER, Chicago.

R. R. GATES, Chicago.

CHARLES ZELENY, Bloomington, Ind.

MR. AND MRS. RICHARD HERTWIG, Munich.

O. MAAS, Munich.

L. W. VAN WIJHE.
EDW. G. GARDINER, Boston.

MAX LUHE.

CHAS. P. SIGERFOOS, Minneapolis.

A. J. GOLDFARB, Columbia University.
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KRISTINE BONNEVIE, Christiania.

MARY C. DICKERSON.

O. ZUR STRASSEN, Leipzig.

DR. AND MRS. CH. WARDELL STILES.

G. SEVERIN, Brussells.

EDITH M. PATCH.

HENRY F. NACHTRIEB, Minneapolis.

G. PIGROZZI, Bologna.

P. REVILLOID, Geneva.

W. H. LEWIS, Baltimore.

O. S. STRONG, Columbia University.

SUSANNA PHELPS GAGE, Ithaca, N. Y.

AGNES L. BAMBERG, Columbia University.

T. KIMURA, Columbia University.

SIMON HENRY GAGE, Cornell University.

CHAS. W. HARGITT, Syracuse University.

THEOBALD SMITH, Harvard University.

CHARLES F. ROUSSELET, London.

CECILE ROUSSELET, London.

B. H. RANSOM, Washington, D. C.

VIRGINIA RANSOM, Washington, D. C.

MRAZEK, Prague.

PROFESSOR R. BLANCHARD, Paris.

THOMAS G. LEE, Minneapolis.

DR. G. LOISEL, Paris.

MME. G. LOISEL, Paris.

EMILE YOUNG, Geneva.

D. O. FUHRMANN, Neuchatel.

DR. G. HORVATH, Budapest.

CH. GRAVIER, Paris.

MARIE LOYEZ, Paris.

BARON DUBRETON, Paris.

MARIE GHIGI, Bologna.

GEORGE GHIGI, Bologna.

HELEN V. TYRODE, Boston.

MARASSOVICH, Russia.

GOETTE, Strassburg, i E.

v. HAECKER, Stuttgart.

MARIAN H. MULBERGER, Stuttgart.

DR. W. BERGMANN, Wiesbaden.

FILIPPO CAVAZZA, Bologna.
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H. SCHAUINSLAND.

C. H. TURNER, Augusta, Ga.

E. P. MERIAN, Basel.

J. BUTTIKOFER, Rotterdam.

PROFESSOR D. STEPHEN APATHY, Kolozsmr, Hungary.
PROFESSOR W. TH. STUDER, Bern.

PROFESSOR D. EMIL. A. GOELDI, Bern.

L. MURBACH, Detroit.

DR. CH. LINDER, St. Tuner, Switzerland.

C. M. CLAPP, Mt. Holyoke College, South Hadley, Mass.

A. LAWRENCE ROTCH, Boston.

JAS. W. UNDERWOOD, Olivet, Mich.

A. BORGERT, Bonn.

R. HEYMONS, Berlin.

RHUMBLER.

DR. W. BLASIUS, Braunschweig.
C. ZIMMER, Breslau.

BYRON HORTON, Columbia University.

WILLIAMS B. HERMS.

A. V. RICHTER, Berlin.

E. M. WALLACE, Mt. Holyoke College, South Hadley, Mass.

EMMA LONGFELLOW, Mt. Holyoke College.

SERGIUS MORGULIS, Ohio State University.

N. J. KUSNEZOV, Acad. Sci. St. Petersburg..

S. METALNIKOFF, Russia.

J. VERSLUYS, JR., Amsterdam.

J. ARTHUR THOMSON, Aberdeen.

LORANDE Loss WOODRUFF, Williamstown.

S. WATASE, Tokio, Japan.

HERBERT OSBORN, Columbus, Ohio.

BERNARD HOBSON, Manchester, England.
ROBERT A. BUDINGTON, Oberlin.

WALTER B. CANNON, Harvard Medical School, Boston.

CORNELIA JANE CANNON.

GEORGE G. SCOTT, New York.

EDWIN G. CONKLIN, Philadelphia.

THOMAS HUNT MORGAN, New York.

LILIAN V. MORGAN, New York.

THEO. D. A. COCKERELL, University of Colorado.

WILMATTE PORTER COCKERELL, Boulder, Col.

ROSWELL HILL JOHNSON, Station for Experimental Evolution.
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HELEN JAMES, St. Paul.

Ross G. HARRISON, New Haven.

F. F. GUDERNATSCH, Czernowitz.

WM. PATTEN, Dartmouth College, Hanover, N. H.

DR. V. NEDRIGOILOW, Russia.

PROFESSOR A. MAXIMOW, St. Petersburg.

DR. W. DANTCHAKOFF, St. Petersburg.

DR. N. SAMSSONOW, Russia.

DR. WLADIMIROFF, St. Petersburg.

PROFESSOR DR. EUGENE GOLOVINE.

K. DERJUGIN, St. Petersburg.

EDITH S. HOYLE, Manchester.

WM. E. HOYLE, Manchester.



8. MEMBERS OF THE CORPORATION OF THE
MARINE BIOLOGICAL LABORATORY

i. LIFE MEMBERS

ALLIS, Mr. EDWARD PHELPS, Jr., Palais Carnoles, Menton, France.

ANDREWS, Mrs. GWENDOLEN FOULKE, 821 St. Paul St., Balti-

more, Md.

BILLINGS, Mr. R. C, 66 Franklin Street, Boston, Mass.

CAREY, Mr. ARTHUR ASTOR, Fayerweather Street, Boston, Mass.

CLARKE, Prof. S. F., Williams College, Williamstown, Mass.

CONKLIN, Prof. E. G., Princeton University, Princeton, N. J.

CRANE, Mr. C. R., 2559 Michigan Blvd., Chicago, 111.

DAVIS, Major HENRY M., Syracuse, New York.

ENDICOTT, WILLIAM, Jr., 31 Beacon Street, Boston, Mass.

EVANS, Mrs. GLENDOWER, 12 Otis Place, Boston, Mass.

FARLOW, Prof. W. G., Harvard University, Cambridge, Mass.

FAY, Miss S. B., 88 Mt. Vernon Street, Boston Mass.

FOLSOM, Miss AMY, 88 Marlborough Street, Boston, Mass.

FOOT, Miss KATHARINE, 80 Madison Avenue, New York City.

GARDINER, Dr. E. G., 131 Mt. Vernon Street, Boston Mass.

GARDINER, Miss EUGENIA, 15 West Cedar Street, Boston, Mass.

HAMMOND, Mr. G. W., Hotel Hamilton, Boston, Mass.

HANNAMAN, Mr. Charles E., 103 First Street, Troy, New York.

HARRISON, Provost C.C., University of Pennsylvania, Phila-

delphia.

HERTER, Dr. C. A., 819 Madison Avenue, New York City.

HIGGINSON, Mr. HENRY L., 191 Commonwealth Avenue, Boston,

Mass.

JACKSON, Miss M. C., 88 Marlborough Street, Boston, Mass.

JACKSON, Mr. CHARLES C., 24 Congress Street, Boston, Mass.

KENNEDY, Dr. GEORGE G., 284 Warren Street, Roxbury, Mass.

KIDDER, Mr. C. G., 27 William Street, New York City.

KIDDER, Mr. NATHANIEL T., Milton, Mass.

KING, Mr. CHARLES A.,
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LEE, Mrs. FREDERICK S., 279 Madison Avenue, New York City.

LOWELL, Mr. A. LAWRENCE, 171 Marlborough Street, Boston,

Mass.

MASON, Miss E. F., i Walnut Street, Boston, Mass.

MASON, Miss IDA M., i Walnut Street, Boston, Mass.

MEANS, JAMES HOWARD, 196 Beacon Street, Boston Mass.

MERRIMAN, Mrs. DANIEL, Worcester, Mass.

MINNS, Miss SUSAN, 14 Louisburg Square, Boston, Mass.

MINNS, Mr. THOMAS, 14 Louisburg Square, Boston, Mass.

MINOT, Dr. CHARLES S., Harvard Medical School, Boston, Mass.

MIXTER, Miss M. C, 241 Marlborough Street, Boston, Mass.

MORGAN, Mr. J. PIERPONT, Jr., Wall & Broad Streets, New
York City.

MORGAN, Prof. T. H., Columbia University, New York City.

MORGAN, Mrs. T. H., New York City.

NORCROSS, Miss LAURA, 9 Commonwealth Avenue, Boston, Mass.

NOYES, Miss EVA J., 28 South Willow Street, Montclair, N. J.

NUNN, Mr. LUCIAN L., Telluride, Colo.

OSBORN, Prof. HENRY F., American Museum of Natural History,

New York City.

PELL, Mr. ALFRED, Highland Falls, Orange County, N. J.

PHILLIPS, Dr. JOHN C., 299 Berkeley Street, Boston, Mass.

PHILLIPS, Mrs. JOHN C., 299 Berkeley Street, Boston, Mass.

PORTER, Dr. H. C., University of Pennsylvania, Philadelphia, Pa.

PULSIFER, Mr. W. H., Newton Center, Mass.

ROGERS, Miss A. P., 5 Joy Street, Boston, Mass.

ROGERS, Mrs. WILLIAM B., 117 Marlborough Street, Boston,

Mass.

SEARS, Dr. HENRY F., 420 Beacon Street, Boston, Mass.

SHEDD, Mr. E. A.

SMITH, Mrs. C. C., 286 Marlborough Street, Boston, Mass.

STROBELL, Miss E. C., 80 Madison Avenue, New York City.

THORNDIKE, Dr. EDWARD L., Teachers College, Columbia Uni-

versity, New York City.

TRELEASE, Prof. WILLIAM, Missouri Botanical Gardens, St.

Louis, Mo.

WARE, Miss MARY L., 41 Brimmer Street, Boston, Mass.

WARREN, Mrs. S. D., 67 Mt. Vernon Street, Boston, Mass.
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WHITMAN, Dr. C. O., University of Chicago, Chicago, 111.

WHITNEY, Mr. HENRY M., Brookline, Mass.

WILLCOX, Miss MARY A., Wellesley College, Wellesley, Mass.

WILMATH, Mrs. H. D., Elliott Street, Jamaica Plain, Mass.

WILLIAMS, Mrs. ANNA P., 505 Beacon Street, Boston, Mass.

WILSON, Dr. E. B., Columbia University, New York City.

WILSON, Prof. W. P., Philadelphia Museum, Philadelphia, Pa.

2. MEMBERS 1908

ADAMS, C. F., University of Arkansas, Fayetteville, Arkansas.

ALLABACH, LULU F., 215 Dennison Avenue, Pittsburg, Pa.

ALSBURG, CARL S., U. S. Department of Agriculture, Wash-

ington, D. C.

BAKER, E. H., 5444 Catharine Street, Philadelphia, Pa.

BARDEEN, C. R., University of Wisconsin, Madison, Wisconsin.

BIGELOW, ROBERT P., Massachusetts Institute of Technology,

Boston, Mass.

BECKWITH, CORA J., Vassar College, Poughkeepsie, N. Y.

BLATCHFORD, E. W., 375 LaSalle Avenue, Chicago, 111.

BROOKOVER, CHARLES, Buchtel College, Akron, Ohio.

BROOKS, LAWRENCE, Milton, Mass.

BUDINGTON, ROBERT A., Oberlin College, Oberlin, Ohio.

BUCKINGHAM, EDITH N., 342 Marlborough Street, Boston, Mass.

BUMPUS, H. C., American Museum of Natural History, New
York City.

BYRNES, ESTHER F., 193 Jefferson Avenue, Brooklyn, New York.

CALKINS, GARY N., Columbia University, New York City.

CALVERT, PHILIP P., University of Pennsylvania, Philadelphia, Pa.

CARLSON, A. J., University of Chicago, Chicago, 111.

CATTELL, J. McKEEN, Garrison-on-Hudson, New York.

CHANEY, L. W., Northfield, Minn.

CHESTER, WEBSTER, Colby College, Waterville, Me.

CHILD, C. M., University of Chicago, Chicago, 111.

CLAPP, CORNELIA M., Mount Holyoke College, South Hadley,

Mass.

COLTON, H. C., 3409 Powellton Avenue, Philadelphia, Pa.

CONGDON, EDGAR D., Harvard University, Cambridge, Mass.

COMSTOCK, J. H., Cornell University, Ithaca, New York.
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CONKLIN, E. G., Princeton University, Princeton, N. J.

CURTIS, W. C, University of Missouri, Columbia, Mo.

DAVIS, D. W., Sweet Briar College, Va.

DAVIS, W. H., 3107 N. 1 3th Street, Philadelphia, Pa.

DIMON, ABIGAIL C., 367 Genesee Street, Utica, New York.

DONALDSON, H. H., Wistar Institute of Anatomy and Biology.

DORRANCE, ANN, Dorranceton, Pa.

DORRANCE, FRANCES, Dorranceton, Pa.

DREW, GILMAN A., University of Maine, Orono, Me.

DYAR, H. G., U. S. National Museum, Washington, D. C.

EIGENMANN, C. H., University of Indiana, Bloomington, Ind.

FARLOW, W. G., Harvard University, Cambridge, Mass.

FIELD, IRVING, Western Maryland College, Westminster, Md.

FOOT, KATHARINE, 80 Madison Avenue, New York City.

GAGE, S. H., Cornell University, Ithaca, New York.

GIES, W. H., College of Physicians and Surgeons, New York City.
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9. PUBLICATIONS FROM THE MARINE
BIOLOGICAL LABORATORY

The following list comprising some 860 titles is a compila-

tion of publications representing the activities of the Labora-

tory in the line of research from its foundation to the end

of the year 1907. While the attempt has been to make the

list exhaustive, it is not believed that this result has been attained,

because there had been no systematic effort since 1895 to ^eeP
account of the publications. The present list includes the list

of 1895 published in the eighth annual report, the titles of

addresses published in the volumes of lectures delivered at the

Laboratory, and the results of a circular letter sent to those who
have conducted investigations at the Laboratory from the begin-

ning. The greater number of titles were secured in replies to

this circular letter, and the list is therefore official in the sense

that it is made up of titles furnished by the investigators them-

selves. Titles indicated by the letter B are of publications of

which only a minor part of the research was accomplished in

the Marine Biological Laboratory. A copy of the circular letter

referred to above follows :

"
I shall consider it a great favor if you will send me a list of your

publications which have been based, even in part, on work done at the

Marine Biological Laboratory. Will you kindly indicate by the letter

A publications which have been based on material collected in the

main at the Marine Biological Laboratory, and by B publications

which were not based on such material, but in which part at least of

the study was accomplished while a member of the Marine Biological

Laboratory. The value of this compilation will depend largely on its

completeness.
" Your compliance with this request will be of great service to

the Marine Biological Laboratory and its management. Thanking

you, I am
"
Respectfully yours,

"
Assistant Director, Marine Biological Laboratory"
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The Nature of the Action of Drugs on the Heart. Science, XX,
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Further Evidence of the Nervous Origin of the Heart Beat in
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The Innervation of the Invertebrate Heart. Biol. Bull., VIII,
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The Nature of Cardiac Inhibition. Am. Journ. Phys., XIII, pp.
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The Function of the Cardiac Nerves in Molluscs. Am. Journ.
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The Physiology of the Cardiac Nerves in Arthropoda. Am.

Journ. Phys., XV, pp. 127-135, 1906.
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The Lateral Line System of Batrachus tau. Journ. Morph., XV,
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CLARK, GAYLORD P. On the Relation of the Otocysts to Equilibrium

Phenomena in Galasimus Pugilator, etc. Journ. Phys., XIX,
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CLAYPOLE, AGNES M. The Embryology and Oogenesis of Anurida
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COE, WESLEY R. Times of Breeding of Some Common New England
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Development of the Pilidium of Certain Nemerteans. Trans.
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The Genus Carcinomertes. Zool. Anz., XXV, 1902.
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The Giant Ganglion Cells in the Order Heterosomata of Fishes.

Anat. Anz., 1897.

The Giant Ganglion Cells in the Spinal Cord Pterophryne. Journ.

. Neur., 1898.

The Maxillary and Mandibular Breathing Valves of Fishes.

Biol. Bull., 1899.

A Double Method of Embedding in Paraffin and Celloidin. Journ.

Micros., Rochester, 1899.

DAVIS, B. M. The Spore-mother Cell of Anthoceros. Bot. Gaz.,

XXVIII, p. 89, 1898.

The Fertilization of Albugo Candida. Bot. Gaz., XXIX, p. 297,

1900.

B. Nuclear Studies on Pellia. An$. Bot., XV, p. 147, 1901.



64 MARINE BIOLOGICAL LABORATORY.

B. The Origin of Sex in Plants. Popular Science Monthly,

Nov., 1901.

Development of the Frond of Chanpia parvula, Harv. from the

Carpospore. Ann. Bot., VI, p. 339, 1892.
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1903.

Oogenesis in Vaucheria. Bot. Gaz., XXXVIII, p. 81, 1904.

B. The Relationships of Sexual Organs in Plants. Bot. Gaz.,

XXXVIII, p. 241, 1904.

B. Studies on the Plant Cell. Am. Nat., XXXVIII and XXXIX,
1904-05.

The Botanical Portion of the Biological Survey of the Waters of

Woods Hole and Vicinity. Bulletin of the U. S. Bureau of

Fisheries.

DAVIS, D. J., and REUDIGER, G. F. Phagocytosis and Opsonins in the

Lower Animals. Journ. Infec. Dis., IV, p. 333, 1907.

B. Hemophilic Bacilli : Their Morphology and Relation to Re-

spiratory Pigments. Journ. Infec. Dis., IV, p. 73, 1907.

DEAN, BASHFORD. The Marine Biological Stations of Europe. Biol.

Lectures, 1893.

DERRICK, C. M. Notes on the Holdfasts of Certain Florideae. Bot.

Gaz., XXVIII, p. 246, 1899.

DIMON, ABIGAIL C. A Quantitative Study of the Effect of Environ-

ment upon the Forms of Nassa obsoleta and Nassa trivittata

from Cold Spring Harbor, L. I. Biometrika, II, pp. 24-43,1902.

DOLBEAR, A. E. Life from a Physical Standpoint. Biol. Lee., Woods

Hole, Mass., 1894.

Explanations or How Phenomena are Interpreted. Biol. Lec-

tures, IV, 1895.

Known Relations between Mind and Matter. Biol. Lectures, IV,

1895.

DONALDSON, HENRY H. B. Observations on the Weight and Length
of the Central Nervous System, and of the Legs in Bullfrogs

of Different Sizes. Journ. Comp. Neur., VIII, 1898.

DOWNING, E. R. Variation in the Position of the Adductor Muscles

of Anadonta grandis, Say. Am. Nat., XXXVI, 1902.

The Spermatogenesis of Hydra. Zool. Jahrb. Abt. Anat. u. Ont,

XXI, 1905.



PUBLICATIONS. 65

The Ovogenesis of Hydra fusca. Biol. Bull., XV, 1908.

DREW, OILMAN A. B. The Life History of Nucula delphinodonta

(Mighels). Q. J. M. S., XLIV, 1901.

B. The Habits, Anatomy, and Embryology of the Giant Scallop

(Pecten tenuicostatus, Mighels). Univ. of Maine Studies, 6,

1906.

The Habits and Movements of the Razor-Shell Clam, Ensis

directus, Con. Biol. Bull., XII, 1907.

B. The Circulatory and Nervous Systems of the Giant Scallop.

Pecten tenuicostatus, Mighels, with Remarks on the Possible

Ancestry of the Lamellibranchs, and a Method of Making
Series of Anatomical Drawings. Biol. Bull., XII, 1907.

The Physiology of the Nervous System of the Razor-Shell Clam,

Ensis directus, Con. Journ. Exp. Zool., V, 1908.

ECKEL, LIDA S. The Resin-Gnat Diplosis and Three of its Parasites.

Entomol. News, pp. 279-284, 1903.

EIGENMANN, C. H. B. On the Precocious Segregation of the Sex

Cells in Micrometus aggregatus Gibbons. Journ. Morph., V,

pp. 480-492, 1891.

Sex Differentiation in the Viviparous Teleost Cymatogaster.

Arch. Entw'mech., IV, pp. 125-179, 1896.

EIGENMANN, C. H., and DEMIG, W. A. The Eyes of the Blind Ver-

tebrates of North America. III. The Structure and Onto-

genic Degeneration of the Eyes of the Missouri Cave Sala-

manders. Biol. Bull., II, pp. 33-40, 1900.

ENTEMANN, W. M. Coloration in Polistes. Carnegie Inst. of Wash.,

p. 88, Nov., 1904.

Some Observations on the Behavior of Social Wasps. Pop. Sci.

Monthly, August, 1902.

EVANS, ALEXANDER M. B. Notes on New England Hepaticse. Rho-

dora, IV, 1902.

B. Preliminary Lists of New England Plants, XI, Hepaticse.

Rhodora, V, 1903.

B. Notes on New England Hepaticse. II. Rhodora, VI, 1904.

EYCLESHYMER, A. C. B. Paraphysis and Epiphysis in Amblystoma.
Anat. Anz., VII, pp. 215-217, 1892.

B. The Cleavage of the Amphibian Ovum. (With E. O. Jor-

dan.) Anat. Anz., VII, pp. 622-624, 1892.

B. The Development of the Optic Vesicles in Amphibia. Journ.,

VIII, pp. 189-195, 1893.

B. The Cleavage of the Amphibian Ovum. (With E. O. Jor-

dan.) Journ. Morph., IX, pp. 407-415, 1894.



66 MARINE BIOLOGICAL LABORATORY.

B. The Egg of Amia and its Cleavage. (With C. O. Whitman.)

Journ. Morph., IX, pp. 309-355, 1894.

B. The Early Development of Amblystoma with Observations

on Some Other Vertebrates. Journ. Morph., IX, pp. 346-419,

1894.

B. The Early Development of the Epiphysis and Paraphysis in

Amia. (With Benjamin Marshall Davis.) Journ. Comp. Neur.,

VII, pp. 45-71, 1897.

B. The Location of the Basis of the Amphibian Embryo. Journ.

Morph., XIV, pp. 466-480, 1898.

B. The Formation of the Embryo of Necturus, with Remarks

on the Theory of Concrescence. Anat, Anz., XIX, pp. 340-

355, 1902.

FIELDE, ADELE M. Study of an Ant. Proc. Acad. Nat. Sci. of Phila.,

July, 1901.

Further Study of an Ant. Proc. Acad. Nat. Sci. of Phila., Oct.,

1901.

Notes on an Ant. Ibid., Sept., 1902.

Suppl. Notes on an Ant. Ibid., June, 1903.

Experiments with Ants Induced to Swim. Ibid., Sept., 1903.

Cause of Feud Between Ants of the Same Species Living in

Different Communities. Biol. Bull., V, 1903.

Artificial Mixed Nests of Ants. Biol. Bull., V, 1903.

Observations on Ants in Relation to Temperature and to Sub-

mergence. Biol. Bull., VII, 1904.

Portable Ant-Nests. Biol. Bull., VII, 1904.

Reactions of Ants to Material Vibrations. Proc. Acad. Nat. Sci.

of Phila., Sept., 1904.

Three Odd Incidents in Ant Life. Proc. Acad. Nat. Sci. of

Phila., Sept., 1904.

Power of Recognition Among Ants. Biol. Bull., VII, 1904.

Tenacity of Life in Ants. Biol. Bull., VII, 1904.

Observations on the Progeny of Virgin Ants. Biol. Bull., IX,

1905.

Progressive Odor of Ants. Biol. Bull., X, 1905.

Temperature as a Factor in the Development of Ants. Biol.

Bull., X, 1905.

The Communal Life of Ants. Nat. Study Rev., I, 1905.

Suggested Explanations of Certain Phenomena in the Lives of

Ants. Biol. Bull., XIII, 1907.

FIELD, G. W. On the Morphology and Physiology of the Echinoderm

Spermatozoon. Journ. Morph., XI, pp. 235-270, 1895.



PUBLICATIONS. 67

FISCHER, MARTIN H. Further Experiments on Artificial Partheno-

genesis in Annelids. Am. Journ. Phys., VII, pp. 301-314, 1902.

How Long Does Arbacia Sperm Live in Sea Water? Am. Journ.

Phys., VIII, p. 430, 1903.

Artificial Parthenogenesis in Nereis. Am. Journ. Phys., IX, p.

1 60, 1903.

FLEXNER, SIMON. Infection and Intoxication. Biol. Lectures, 1895.

The Regeneration of the Nervous System of Planaria torva and

the Anatomy of the Nervous System of Double-headed Forms.

Journ. Morph., XIV, pp. 337-346, 1897.

FOOT, KATHARINE. A. Preliminary Note on the Maturation and

Fertilization of the Egg of Allolobophora. Journ. Morph., IX,

1894.

Yolk-Nucleus and Polar Rings. Journ. Morph., XII, 1896.

The Origin of the Cleavage Centrosomes. Journ. Morph., XII,

1897.

The Centrosomes of the Fertilized Egg of Allolobophora foetida.

Biol. Lee. of Marine Biol. Lab., 1898.

The Cocoons and Eggs of Allolobophora foetida. Journ. Morph.,

XIV, 1898.

FOOT, KATHARINE, and STROBELL, E. C. Further Notes on the Egg
of Allolobophora foetida. Zool. Bull., II, 1898.

Photographs of the Egg of Allolobophora foetida. Journ. Morph.,

XVI, 1900.

Photographs of the Egg of Allolobophora foetida. II. Journ.

Morph., XVII, 1901.

A New Method of Focusing in Photomicography. Zeitsch.

wiss. Mikr., 1901.

The Spermatozoa of Allolobophora foetida. Am. Journ. Anat, I,

pp. 321-327, 1902.

Further Notes on the Cocoons of Allolobophora foetida. Biol.

Bull., Ill, 1902.

The Sperm Centrosome and Aster of Allolobophora foetida. Am.

Journ. Anat., II, pp. 365-369, 1903.

Further Notes on a New Method of Focusing in Photomicogra-

phy. Journ. App. Micr. and Lab. Meth., V, 1903.

Prophases and Metaphase of the First Maturation Spindle of

Allolobophora foetida. Am. Journ. Anat., IV, pp. 199-243,

1905.

The "
Accessory Chromosome "

of Anasa Tristis. Biol. Bull.,

XII, 1907.



68 MARINE BIOLOGICAL LABORATORY.

A Study of Chromosomes in the Spermatogenesis of Anasa

Tristis. Am. Journ. Anat., VII, pp. 279-316, 1907.

FORD, W. W. On the Presence of Hemolytic Substances in Edible

Fungi. Journ. Infec. Diseases, IV, 1907.

GARDINER, E. G. Weismann and Maupas on the Origin of Death.

Biol. Lectures, Woods Hole, 1890.

Early Development of Polychoerus caudatus Mark. Journ.

Morph., XI, pp. 155-171, 1895-

The Growth of the Ovum, Formation of the Polar Bodies and

Fertilization in Polychoerus caudatus. Journ. Morph., XV, pp.

73-110, 1898.

GARREY, W. E. B. The Effects of Ions upon the Aggregation of

Flagellated Infusoria. Am. Journ. Phys., Ill, 1900.

A Sight Reflex Shown by Sticklebacks. Biol. Bull., VIII, 1905.

The Osmotic Pressure of Sea Water and of the Blood of Marine

Animals. Biol. Bull., VIII, 1905.

B. Twitchings of Skeletal Muscles Produced by Salt Solutions,

etc. Am. Journ. Phys., XIII, 1905.

GATES, R. R. Pollen Development in Hybrids of CEnothera lata X
0. Lamarckiana, and its Relation to Mutation. Bot. Gaz.,

XLIII, pp. 81-115, 1907.

Hybridization and Germ-Cells of CEnothera Mutants. Bot. Gaz.,

XLIV, pp. i-21, 1907.

The Chromosomes of CEnothera. Science, N. S., XXVII, pp.

i93-!95, 1908.

GENTHE, KARL W. Some Notes on Alcippe lampas (Hanc) and its

Occurrence on the American Atlantic Shore. Zool. Jahrb. Abt.

Anat. and Ontog., XXI, pp. 181-200, 1904.

GEROULD, J. H. B. Studies on the Embryology of the Sipunculidae.

1. The Embryonal Envelope and its Homologue. Mark Anni-

versary Volume, 1903.

B. The Development of Phascolosoma. Preliminary Note. Arch,

de Zool., II, 1904.

B. The Development of Phascolosoma (Studies on the Embry-

ology of the Sipunculidse II). Zool. Jahr. Anat., XXIII, pp.

77-162, 1906.

GIES, WILLIAM J. Do Spermatozoa Contain Enzymes Having the

Power of Causing Development of Mature Ova? Am. Journ.

Phys., VI, p. 53, 1901.

On the Nature of the Process of Fertilization. Med. News,

LXXIX, p. 767, 1901.



PUBLICATIONS. 69

GIES, WILLIAM J., and LOEB, JACQUES. Weitere Untersuchungen
ueber die entgiftenden lonenwirkungen und die Rolle der

Wertigkeit der Kationen bei diesen Vorgangen. Arch. ges.

Phys., XCIII, p. 246, 1902.

Further Studies of the Toxic and Antitoxic Effects of Ions.

Proc. Am. Phys. Soc., Washington, Dec., 1902; Am. Journ.

Phys., VIII, 1903.

GIES, WILLIAM J., and TRUE, RODNEY H. On the Physiological

Action of Some of the Heavy Metals in Mixed Solutions.

Bull. Torrey Bot. Club, XXX, p. 390, 1903.

GLASER, O. C. Movement and Problem Saving in Ophiura Crevi-

spina. Journ. Exp. Zool., IV, 1907.

B. The Nematocysts of yEolis. Science, XXIII, 1906.

B. Pathological Amitosis in the Food Ova of Fasciolaria. Biol.

Bull., XIII, p. i, 1907.

B. A Statistical Study of Mitosis and Amitosis in the Endoderm

of Fasciolaria tulipa var. distans. Biol. Bull., XIV, p. 219,

1908.

GOLDFARB, A. J. Experimental Study of Light as a Factor in the

Regeneration of Hydroids. Journ. Exp. Zool., Ill, 1906.

Factors in the Regeneration of a Compound Hydroid Eudendrium

ramosum. Journ. Exp. Zool., IV, pp. 317-349, 1907.

GORHAM, F. P. The Cleavage of the Egg of Virbius zostericola

(Smith). Journ. Morph., XI, pp. 741-746, 1895.

GRAF, ARNOLD. The Sphincter of the Terminal Vesicle of Hirudo

medicinalis. Journ. Morph., IX, 1894.

Fine riickgangig gemachte Furchung. Zool. Anz., 462, p. 5, 1894.

Ueber den Ursprung des Pigments und der Zeichnung bei den

Hirudineen. Zool. Anz., XVIII, 1895.

The Physiology of Excretion. Biol. Lectures, 1896.

GRAVE, CASWELL. On the Occurrence among Echinoderms of Larvae

with Cilia Arranged in Transverse Rings, with a Suggestion

as to their Significance. Biol. Bull., V, pp. 169-186, 1903.

GREELEY, A. W. Artificial Parthenogenesis in Starfish, Produced by
a Lowering of Temperature. Am. Journ. Phys., VI, 1902.

On the Effect of Variations in the Temperature upon the Process

of Artificial Parthenogenesis. Biol. Bull., IV, pp. 129-136,

1903.

Further Studies on the Effect of Variations in the Temperature
on Animal Tissues. Biol. Bull., V, pp. 42-54, 1903.



7O MARINE BIOLOGICAL LABORATORY.

GREENE, CHARLES W. The Phosphorescent Organs in the Toadfish,

Porichthys notatus Girard. Journ. Morph., XV, pp. 667-696,

1899.

GREGORY, LOUISE H. The Segmental Organ of Podarke obscura.

Biol. Bull., XIII, pp. 280-287, 1907.

GUTHRIE, J. E. The Furcula in the Collembola. Proc. Iowa Acad.

Sci., XL
Studies of the Collembolan Eye. Proc. Iowa Acad. Sci., XIII.

HALL, R. H. B. The Development of the Mesonephros and the

Miillerian Ducts in Amphibia. Bull. Mus. Comp. Zool., XLV,
1904.

HARGITT, C. W. Recent Experiments on Regeneration. Zool. Bull.,

I, pp. 27-34, 1897.

Experimental Studies on Hydromedusae. Biol. Bull., I, pp. 35-51,

1899.

A Contribution to the Natural History and Development of Pen-

naria tiarella McCr. Am. Nat., XXXIV, pp. 387-414, 1900.

Variation among Hydromedusse. Biol. Bull., II, pp. 221-255, 1901.

B. A Synopsis of the Hydromedusae, I. Am. Nat., XXXV, p.

301, 1901.

B. A Synopsis of the Hydromedusae, II. Am. Nat., XXXV, p.

379, 1901.

B. A Synopsis of the Hydromedusae, III. Am. Nat., XXXV, p.

575, 1901-

B. A Synopsis of the Scyphomedusse, IV. Am. Nat., XXXVII,

p. 331, 1903.

The Coelenterate Fauna of Woods Hole. Am. Nat, XXXVI, pp.

549-560, 1902.

On a Few Medusae New to Woods Hole. Biol. Bull., IV, pp.

13-23, 1902.

B. The Early Development of Eudendrium. Zool. Jahrbuch,

XX, 1904.

The Early Development of Pennaria tiarella McCr. Arch.

Entw'mech., XVIII, pp. 453-488, 1904.

B. Notes on the Variations of Rhegmatodes. Biol. Bull., IX,

p. 368, 1905.

B. Variations among Scyphomedusae. Journ. Exp. Zool., II, pp.

547-584, 1905.

B. The Organization and Early Development of the Egg of

Clava leptostyla. Biol. Bull., X, 1906.

B. Experiments on the Behavior of Tubicolous Annelids.

Journ. Exp. Zool., Ill, pp. 295-320, 1906.



PUBLICATIONS. / 1

Notes on a Few Coelenterates of Woods Hole. Biol. Bull., XIV,

pp. 95-120, 1908.

HARGITT, G. T. Notes on the Regeneration of Gonionemus. Biol.

Bull., IV, pp. 1-12, 1902.

Regeneration in Hydromedusse. Arch. Entw'mech., XVII, pp.

64-91, 1903.

Budding Tentacles of Gonionemus. Biol. Bull., VI, pp. 241-250,

1904.

HARRISON, Ross G. B. Ueber die Histogenese des peripheren Ner-

ven-systems bei Salmo salar.

HARVEY, B. C. H. B. The Chromaffine Characters of Certain Parietal

Cells in the Stomach. Brit. Med. Journ., 1906.

HAZEN, ANNA P. The Development of the Coxal Gland, Branchial

Cartilages and Reproductive Duct in Limulus Polyphemus.

Journ. Morph., XVI, 1900.

Regeneration in Hydractinia and Podococyne. Am. Nat., XXXVI,
1902.

Regeneration in an (Esophagus in the Anemone. Arch.

Entw'mech., Vol. XIV, 1902.

HEGNER, ROBERT W. Observations on the Breeding Habits of Three

Chrysomelid Beetles, Calligrapha bigsbyana, C. multipunctata

and C. lunata. Psyche, XV, 1908.

B. The Origin and Early History of the Germ-Cells in Some

Chrysomelid Beetles.

HERRICK, C. J. The Cranial Nerve Components of Teleosts. Anat.

Anz., XIII, 1897.

Report upon a Series of Experiments with the Weigert Methods,

with Special Reference for Use in Lower Brain Morphology.
N. Y. State Hosp. Bull., Oct., 1897.

The Cranial Nerves of Bony Fishes. Journ. Comp. Neur., VIII,

1898.

The Metameric Value of the Sensory Components of the Cranial

Nerves. Science, N. S., IX, 1899.

The Peripheral Nervous System of the Bony Fishes. U. S. Fish.

Com. Bull., pp. 315-320, 1899.

The Cranial and First Spinal Nerves of Menidia : A Contribution

upon the Nerve Components of Bony Fishes. Journ. Comp.

Neur., IX, 1899; also Arch. Neur. and Psychopathology, II,

1899.

HOGUE, MARY J. Studies on the Development of the Starfish Egg.

Journ. Exp. Zool., IV, 1906.



/2 MARINE BIOLOGICAL LABORATORY.

HOLMES, S. J. B. The Early Development of Planorbis. Journ.

Morph., XVII, pp. 369-458, 1899.

Phototaxis in the Amphipoda. Am. Journ. Phys., V, pp. 211-

234, 1901.

Observations on the Habits and Natural History of Amphithoe

Longimana Smith. Biol. Bull., II, pp. 165-193, 1901.

Death-Feigning in Terrestrial Amphipods. Biol. Bull., IV, pp.

191-196, 1903.

B. Sex Recognition among Amphipods. Biol. Bull., V, 1903.

B. Synopses of North American Invertebrates. XVII, The

Amphipods. Am. Nat., XXXVII, 1903.

B. The Amphipods of Southern New England. Bull. U. S.

Fish Com., XXIV, 1905.

HOUSER, GILBERT L. The Uses of Formaldehyde in Animal Mor-

phology. Report Iowa Acad. Sci., IV, pp. 147-151, 1897.

The Nerve Cells of the Shark's Brain. Report Iowa Acad. Sci.,

IV, pp. 151-153, 1897.

The Neurones and Supporting Elements of the Brain of a Sela-

chian. Journ. Comp. Neur., XI, pp. 65-175, 1901.

HUMPHREY, J. E. Notes on Technique. Bot. Gaz., XV, 1890.

A Selection of Plant Types for the General Biology Course.

Biol. Lee., Woods Hole, Mass., 1897.

HUNTER, G. W. Notes on the Finer Structure of the Nervous System
of Cynthia partita (Verrill). Zool. Bull., II, pp. 99-115, 1898.

Notes on the Peripheral Nervous System of Molgula manhat-

tensis. Journ. Comp. Neur., VIII, 1898.

The Structure of the Heart of Molgula manhattensis (Verrill).

Anat. Anz., XXI, 1902.

Notes on the Heart Action of Molgula manhattensis (Verrill).

Am. Journ. Phys., X, 1903.

HUNTER, S. J. On the Production of Artificial Parthenogenesis in

Arbacia by the Use of Sea Water Concentrated by Evapora-

tion. Am. Journ. Phys., VI, pp. 177-180, 1901.

On the Conditions Governing the Production of Artificial Par-

thenogenesis in Arbacia. Biol. Bull., V, pp. 143-151, 1903.

On the Morphology of Artificial Parthenogenesis in the Sea

Urchin, Arbacia. Science, XIX, pp. 213-214, 1904.

HYATT, ALPHEUS. Some Governing Factors usually neglected in Bio-

logical Investigations. Biol. Lectures, 1899.

HYDE, IDA H. The Nervous Mechanism of the Respiratory Move-

ments in Limulus polyphemus. Journ. Morph., IX, pp. 431-

448, 1894.



PUBLICATIONS. 73

Localization of the Respiratory Center in the Skate. Am. Journ.

Phys., X, pp. 236-258, 1901.

The Nervous System in Gonionema Murbachii. Biol. Bull., IV,

pp. 40-45. 1902.

Differences in Electrical Potential in Developing Eggs. Am.

Journ. Phys., XII, p. 241, 1904.

A Reflex Respiratory Center. Am. Journ. Phys., XVI, pp. 368-

377, 1906.

The Nervous Distribution in the Eye of Pecten Irradians. Mark

Anniversary Vol.

B. Entwicklungsgeschichte einiger Scyphomedusen. Zeitschr.

wiss. Zool., LVIII, 1894.

B. A Study of the Cardiac, Respiratory and Blood-Pressure

Changes in the Skate Following Intravenous Injections of Salt

Solutions. Amer. Journ. Phys., Dec., 1908.

JENNINGS, H. S. B. Behavior of the Lower Organisms. Columbia

Univ. Press, N. Y., 1906.

JENNINGS, H. S., and JAMIESON, C. Studies on Reactions to Stimuli

in Unicellular Organisms. X, The Movements and Reactions

of Pieces of Ciliate Infusoria. Biol. Bull., Ill, pp. 225-240,

1902.

JOHNSON, H. P. B. Amitosis in the Embryonal Envelopes of the

Scorpion. Bull. Mus. Comp. Zool., XXI, pp. 127-161, 1892.

B. A Contribution to the Morphology and Biology of the Sten-

tors. Journ. Morph., VIII, pp. 467-562, 1893.

B. The Polychaeta of the Puget Sound Region. Proc. Boston

Soc. Nat. Hist., XXIX., pp. 381-437, 1901.

B. Collateral Budding in Annelids of the Genus Trypanosyllis.

Am. Nat., XXXIV, pp. 295-315, 1902.

JOHNSTON, J. B. B. The Brain of Petromyzon. Journ. Comp. Neur.,

XII, 1902.

JONES, LYNDS. A Contribution to the Life History of the Common

(Sterna hirundo) and Roseate (S. dougalli) Terns. The Wil-

son Bulletin, XVIII, pp. 35-47, 1906.

B. The Development of Nestling Feathers. Lab. Bull., XIII,

Oberlin College, 1907.

JORDAN, E. O. B. The Habits and Development of the Newt. Journ.

Morph., VIII, p. 270, 1893.

KEARNEY, T. H. B. Are Plants of Sea Beaches and Dunes True

Halophytes? Bot. Gaz., XXXVII, p. 424, 1904.

KELLICOTT, W. E. B. The Development of the Vascular System of

Ceratodus. Anat. Anz., XXVI, 1905.



74 MARINE BIOLOGICAL LABORATORY.

B. The Development of the Vascular and Respiratory Systems

of Ceratodus. N. Y. Acad. Sci., Mem. II., 1905.

KING, HELEN D. Regeneration in Asterias vulgaris. Arch. Entw'mech.,

VII, pp. 35!-363> 1898.

Further Studies on Regeneration in Asterias vulgaris. Arch.

Entw'mech., IX, 1900.

Notes on Regeneration in Tubularia crocea. Biol. Bull., VI, 1904.

The Effects of Compression on the Maturation and Early Devel-

opment of the Eggs of Asterias Forbesii. Arch. Entw'mech.,

XXI, 1906.

KINGSLEY, J. S. The Ontogeny of Limulus. Preliminary. Amer.

Nat., 1890.

The Embryology of Limulus. Journ. Morph., VII, 1892.

The Marine Biological Laboratory. Pop. Sci. Monthly, Sept.,

1892.

Segmentation of the Head. Biol. Lee., Woods Hole, Mass., 1895.

KNOWER, H. McE. The Embryology of a Termite. Journ. Morph.,

XVI, 1900.

KOCH, W. B. The Relation of Electrolytes to Lecithin and Kepha-

lin. Journ. Biol. Chem., Ill, p. 53, 1907.

KRAEMER, HENRY. Some Notes on Chondrus. Am. Journ. Pharm.,

LXX, p. 479, 1899.

Origin and Nature of Color in Plants. Proc. Am. Phil. Soc.,

XLHI, p. 257, 1904.

Diluted Sulphuric Acid as a Fungicide. Proc. Am. Phil. Soc.,

XLV, p. 157, 1906.

Studies on Color in Plants. Bull. Tor. Bot. Club, XXXIII, p. 77,

1906.

B. Note on the Origin of Tannin in Galls. Bot. Gaz., XXX, p.

275, 1900.

B. Crystals in Datura Stramonium. Bull. Tor. Bot. Club,

XXVII, p. 37, 1900.

B. Crystalline and Crystalloidal Substances and their Relation

to Plant Structure. Proc. Acad. Nat. Sci., Phila., LIII, p. 450,

1903.

B. The Position of Pleurococcus and Mosses on Trees. Bot.

Gaz., XXXII, p. 422, 1901.

B. The Continuity of Protoplasm. Proc. Am. Phil. Soc., XLI,

p. 174.

B. The Structure of the Starch Grain. Bot. Gaz., XXXIV, p.

341, 1902.



PUBLICATIONS. 75

B. Pith Cells of Phytolacca decandra. A. A. A. S., 1902, p.

483; Torreya, II, p. 141, 1902,

B. The Structure of the Corn Grain and its Relation to Popping.

Science, XVII, p. 408.

B. Some Notes on the Bending of the Inflorescence of Daucus

Carota. Science, XVII, p. 464, 1903.

B. Further Observations on the Starch Grain. Bot. Gaz., XL,

p. 305, 1905.

B. The Oligodynamic Action of Copper Foil on Certain Intes-

tinal Organisms. Proc. Am. Phil. Soc., XLIX, p. 51, 1905.

B. The Efficiency of Copper Foil in Destroying Typhoid and

Colon Bacilli in Water. Am. Mdd., IX, p. 275, 1905.

B. The Use of Metallic Copper in the Purification of Drinking

Water. Am. Journ. Pharm., LXXVIII, p. 140, 1905.

LANGDON, FANNIE E. The Sense Organs of Nereis virens, Sars.

Journ. Comp. Neur., X, pp. 1-78, 1900.

LANGENBECK, CLARA. Formation of the Germ-Layers in the Am-

phipod Microduetopus Gryllotalpa Costa. Journ. Morph., XIV,

PP- 301-336, 1897.

LEE, F. S. Ueber den Gleichgewichtsinn. Centrlbl. Phys., VI, p. 508,

1892.

A Study of the Sense of Equilibrium in Fishes. Part I, Journ.

Phys., XV, p. 311, 1893. Part II, ibid., XVII, p. 192, 1894.

Functions of the Ear and Lateral Line in Fishes. Am. Journ.

Phys., I, p. 128, 1898.

The Scope of Modern Physiology. Amer. Nat., XXVIII, 1894.

Action of Ethyl-Alcohol on Contractile Protoplasm. Am. Journ.

Phys., VIII, 1903.

LEFEVRE, GEORGE. Budding in Perophora. Journ. Morph., XIV, 1898.

B. Artificial Parthenogenesis in Thalassema mellita. Science,

XXI, 1905.

B. Further Observations on Artificial Parthenogenesis. Science,

XXIII, 1906.

B. Artificial Parthenogenesis in Thalassema mellita. Journ.

Exp. Zool., IV, 1907.

LEFEVRE, GEORGE, and McGiLL, CAROLINE. The Chromosomes of

Anasa tristis and Anax junius. Am. Journ. Anat, VII, 1908.

LEWIS, MARGARET. Studies on the Central and Peripheral Nervous

Systems of Two Polychsete Annelids. Proc. Am. Acad. Arts

and Sci., XXIII, pp. 225-267, 1898.



76 MARINE BIOLOGICAL LABORATORY.

LEWIS, WARREN H. B. Experiments on the Origin and Differentia-

tion of the Optic Vesicle in Amphibia. Am. Journ. Anat,

VII, 1907.

B. Lens-Formation from Strange Ectoderm in Rana sylvatica.

Am. Journ. Anat., VII, 1907.

B. Transplantation of the Lips of the Blastopore in Rana palus-

tris. Am. Journ. Anat., VII, 1907.

B. Experimental Evidence in Support of the Theory of Out-

growth of the Axis Cylinder. Am. Journ. Anat., VII, 1907.

B. Experimental Studies on the Development of the Eye in

Amphibia. III. On the Origin and Differentiation of the

Lens. Am. Journ. Anat., VII, 1907.

B. On the Origin and Differentiation of the Optic Vesicle in

Amphibian Embryos. Anat. Record, VI, 1907.

LEWIS, WARREN H., and LOEB, J. On the Prolongation of the Life

of Unfertilized Eggs of the Sea-Urchin by Potassium Cyanide.

Am. Journ. Phys., VI, 1902.

LIBBEY, WM. The Study of Ocean Temperatures and Currents.

Biol. Lee., Woods Hole, Mass., 1890.

LIFE, A. C. Vegetative Structure of Mesogloia. Report Missouri

Bot. Gardens, XVI, p. 157, 1905.

LILLIE, FRANK R. Preliminary Account of the Embryology of Unio

Complanata. Journ. Morph., VIII, pp. 569-578, 1893.

The Embryology of Unionidae. Journ. Morph., X, pp. i-ioo, 1895.

Centrosome and Sphere in the Egg of Unio. Zool. Bull., I, pp.

265-274, 1898.

Adaptation in Cleavage. Biol. Lee., Woods Hole, Mass., 1898.

The Organization of the Egg of Unio, Based on a Study of its

Maturation, Fertilization and Cleavage. Journ. Morph., XVII,

pp. 227-292, 1900.

Notes on Regeneration and Regulation in Planaria. I. Source

of Material of New Parts and Limits of Size. Am. Nat.,

XXXIV, pp. 173-177, 1900.

Differentiation without Cleavage in the Egg of the Annelid

Chaetopterus pergamentaceus. Arch. Entw'mech., XIV, pp.

477-499, 1902.

On the Nature and Behavior of the Morphogenous Substances in

the Egg of Chaetopterus. Science, XXI, p. 335, 1906.

Observations and Experiments Concerning the Elementary Phe-

nomena of Development in Chaetopterus. Journ. Exp. Zool.,

Ill, pp. 153-268, 1906.



PUBLICATIONS. 77

LILLIE, RALPH S. On Differences in the Effects of Various Salt

Solutions on Ciliary and on Muscular Movements in Arenicola

Larvae. I. Am. Journ. Phys., V, pp. 56-85, 1901.

On the Effects of Various Salt Solutions on Ciliary and Mus-

cular Movement in the Larvae of Arenicola and Polygordius.

II. Am. Journ. Phys., VII, pp. 25-55, 1902.

The Relation of Ions to Ciliary Movement. Am. Journ. Phys.,

X, pp. 419-443, 1903.

Fusion of Blastomeres and Nuclear Division without Cell-

division in Solutions of Non-Electrolytes. Biol. Bull., IV, pp.

164-178, 1903.

The Physiology of Cell-division. I. Experiments on the Condi-

tions Determining the Distribution of Chromatic Matter in

Mitosis. Am. Journ. Phys., XV, pp. 46-84, 1905.

On the Conditions Determining the Disposition of the Chromatic

Filaments and Chromosomes in Mitosis. Biol. Bull., VIII, pp.

193-204, 1905.

The Structure and Development of the Nephridia of Arenicola

Cristata Stimpson. Mitth. aus der Zool. Station zu Neapel,

xvn, pp. 341-405, 1905-

The Relation between Contractility and Coagulation of the Col-

loids in the Ctenophore Swimming Plate. Am. Journ. Phys.,

XVI, pp. 117-128, 1906.

The Relation of Ions to Contractile Processes. I. The Action

of Salt Solutions on the Ciliated Epithelium of Mytilus edulis.

Am. Journ. Phys., XVII, pp. 89-141, 1906.

The Relation of Ions to Contractile Processes. II. The Role

of Calcium Salts in the Mechanical Inhibition of the Cteno-

phore Swimming Plate. Am. Journ. Phys., XXI, pp. 200-220,

1908.

Momentary Elevation of Temperature as a Means of Producing
Artificial Parthenogenesis in Starfish Eggs and the Conditions

of its Action. Journ. Exp. Zool., V, pp. 375-428, 1908.

LINGLE, D. J. On the Reversal of the Direction of the Contraction

of the Heart in Ascidians.

LOCY, W. A. The Formation of the Medullary Groove in Elasmo-

branchs. Journ. Morph., 1893.

The Derivation of the Pineal Eye. Anat. Anz., 1894.

The Optic Vesicles of Elasmobranchs and their Serial Relation

to Other Structures on the Cephalic Plate. Journ. Morph.,

1894.



78 MARINE BIOLOGICAL LABORATORY.

Metameric Segmentation in Medullary Folds and Embryonic
Rim. Anat. Anz., IX, 1894.

Nachtrag. Anat. Anz., 1894.

The Mid-Brain and the Accessory Optic Vesicles. Anat. Anz.,

1894.

Contribution to the Structure and Development of the Vertebrate

Head. Journ. Morph., 1896.

The Primary Segmentation of the Vertebrate Head. Biol. Lee.,

1895.

B. Accessory Optic Vesicles in the Chick Embryo. Anat. Anz.,

1897.

New Facts Regarding the Development of the Olfactory Nerve.

Anat. Anz., 1899.

A New Cranial Nerve in Selachians. Mark Anniv. Vol., 1903.

On a Newly Recognized Nerve Connected with the Fore-Brain

of Selachians. Anat. Anz., 1905.

LOEB, JACQUES. Experiments on Cleavage. Journ. Morph., VII, 1892.

Investigations in Physiological Morphology. Journ. Morph., VII,

1892.

A Contribution to the Physiology of Coloration. Journ. Morph.,

VIII, 1893.

Ueber die Entwicklung von Fischembryonen ohne Kreislauf.

Pflueger's Arch., 1893.

On Some Facts and Principles of Physiological Morphology.

Biol. Lectures, 1893.

Ueber kuenstliche Umwandlung positiv heliotropischer Thiere in

negativ heliotropische und umgekehrt. Pflueger's Arch., LIV,

1894.

Ueber eine einfache Methode zwei oder, Mehr Embryonen aus

einem Ei hervorzubringen. Pflueger's Arch., 1894.

Ueber die relative Empfindlichkeit von Fischembryonen gegen

Sauerstoffmangel und Wasserentziehung. Pflueger's Arch.,

1894.

Beitrage zur Gehirnphysiologie der Wiirmer. Pflueger's Arch.,

LVI, 1894.

On the Limits of the Divisibility of Living Matter. Biol. Lec-

tures, 1894.

Ueber die Enstehung der Activitatshypertrophie der Muskeln.

Pflueger's Arch., LVI, 1894.

On the Influence of Light on the Periodic Depth Migrations of

Pelagic Animals. Report of U. S. Fish Com., 1894.



PUBLICATIONS. 79

Ueber die Grenzen der Theilbarkeit der Eisubstanz. Pflueger's

Arch., LIX, 1894.

Zur Physiologic und Psychologic der Actinien. Pflueger's Arch.,

LIX,' 1895.

Ueber die Localization der Athmung in der Zelle. (With

Irving Hardesty.) Pflueger's Arch., LXI, 1895.

Untersuchungen ueber die physiologischen Wirkungen des Sau-

erstoffmangels. Pflueger's Arch., LXII, 1895.

Ueber den Einfluss des Lichts auf die Organbildung bei Theiren.

Pflueger's Arch., LXIII, 1896.

Bemerkungen ueber Regeneration. Arch. Entw'mech., II, 1896.

Ueber Kerntheiltmg ohne Zelltheilting. Arch. Entw'mech., II,

1896.

Beitrage zur Entwicklungsmechanik der aus einem Ei hervor-

gehenden Doppelbildungen. Arch. Entw'mech., II, 1896.

Zur Theorie des Galvanotropismus. In collaboration with S. S.

Maxwell. Pflueger's Arch., LXIII, 1896.

Zur Theorie des physiologischen Licht und Schwerkrafwirkungen.

Pflueger's Arch., LXVI, 1897.

The Heredity of the Marking in Fish Embryos. Biol. Lectures,

Woods Hole, 1898.

Biological Problems of To-day : Physiology. Science, VII, 1898.

Ueber den Einfluss von Alkalien und Sauren auf die embryonale

Entwickelung und das Wachstum. Arch. Entw'mech., VII,

1898.

Ueber die physiologische Wirkung von Alkalien und Sauren in

starker Verdiinnung. Pflueger's Arch., LXXIII, 1898.

Ueber die angebliche gegenseitige Beeinflussung der Furchungs-

zellen und die Enstehung der Blastula. Arch. Entw'mech.,

VIII, 1899.

On the Nature and Process of Fertilization and the Production

of Normal Larvae (Plutei) from the Unfertilized Eggs of the

Sea Urchin. Am. Journ. Physiol., Ill, 1899.

Ueber die Aehnlichkeit der Flussigkeitsresorption in Muskeln

und Seifen. Pflueger's Arch., LXXV, 1899.

Ueber lonen welche rhythmische Zuchungen der Skelettmuskeln

hervorrufen. Festschr. Prof. Fick, Braunschweig, 1899.

Warum ist Regeneration kernloser Protoplasmastucke unmoglich

oder erschwert? Arch. Entw'mech., VIII, 1899.

On lon-Proteid Compounds and their Role in the Mechanics of

Life Phenomena. I. The Poisonous Character of a Pure

NaCl-Solution. Am. Journ. Phys., Ill, 1900.



8O MARINE BIOLOGICAL LABORATORY.

On the Different Effects of Ions upon Myogenic and Neurogenic

Rhythmical Contractions and upon Embryonic and Muscular

Tissue. Am. Journ. Phys., Ill, 1900.

The Artificial Production of Normal Larvae from the Unfertil-

ized Eggs of the Sea Urchin (Arbacia). Am. Journ. Phys.,

Ill, 1900.

On ^Artificial Parthenogenesis in Sea Urchins. Science, N. S.,

XI, 1900.

On the Transformation and Regeneration of Organs. Am. Journ.

Phys., IV, 1900.

Further Experiments on Artificial Parthenogenesis, and the

Nature of the Process of Fertilization. Am. Journ. Phys., IV,

1900.

Artificial Parthenogenesis in Annelids. Science, N. S., XII, 1900.

Ueber die Bedeutung der Ca und K-Ioene fur die Herzthatigkeit.

Pflueger's Arch., LXXX, 1900.

Comparative Physiology of the Brain and Comparative Psychol-

ogy. G. P. Putnam's Sons, New York, 1900.

Experiments on Artificial Parthenogenesis in Annelids (Chaetop-

terus) and the Nature of the Process of Fertilization. Am.

Journ. Phys., IV, 1901.

Ueber den Einfluss der Wertigkeit und moglicher Weise der

elektrischen Ladung von lonen auf ihre antitoxische Wirkung.

Pflueger's Arch., LXXXVIII, 1901.

Weitere Versuche ueber kiinstliche Parthenogenese. In collabo-

ration with Hugh Neilson. Pfluger's Arch., LXXXVII, 1901.

On the Prolongation of the Life of the Unfertilized Eggs of the

Sea Urchins by Potassium Cyanide. Am. Journ. Phys., VI,

1902.

Studies on the Physiological Effects of the Valency and Pos-

sibly of the Electrical Charges of Ions. I. The Toxic and

Antitoxic Effects of Ions as a Function of their Valency and

Possibly of their Electrical Charge. Am. Journ. Phys., VI,

1902.

Ueber Methoden und Fehlerquellen der Versuche ueber kiinst-

liche Parthenogenese. Arch. Entw'mech., XIII, 1902.

On the Production and Suppression of Muscular Twitchings and

Hypersensitiveness of the Skin by Electrolytes. Univ. of

Chicago, Decennial Publications, 1902.

B. The Dynamics of Living Matter. The Macmillan Co., New
York, 1906.



PUBLICATIONS. 8 I

B. Studies in General Physiology. Two Vols. University of

Chicago Press, 1905.

B. Untersuchungen ueber kiinstliche Parthenogenese und das

Wesen des Befruchtungsvorgangs. Johann Ambrosius Earth,

Leipzig, 1906.

B. Ueber den chemischen Character des Befruchtungsvorgangs,

und seine Bedeutung fur die Theorie der Lebensersoheinun-

gen. Leipzig, 1908.

LOEB, LEO. On the Blood Lymph Cells and Inflammatory Processes

of Limulus. Journ. Med. Research., VII, 1902.

On the Coagulation of the Blood of Some Arthropods and on the

Influence of Pressure and Traction on the Protoplasm of the

Blood Cells of Arthropods. Biol. Bull., IV, 1903.

Ueber die Bedeutung der Blutkorperchen fur die Blutgerinnung

und der Entziehung einiger Arthropoden. Virchow's Arch.,

CLXXIII, 1903.

On the Specificity of Tissue Coagulins, Especially of Inverte-

brates. Univ. of Pa. Med. Bull., Jan., 1904.

On the Spontaneous Agglutination of Blood Cells of Arthropods.

Univ. of Pa. Med. Bull., Feb., 1904.

Ueber d. Koagulation d. Blutes einiger Arthropoda. Hofmeister's

Beitrage, V, 1904.

The Coagulation of the Blood. Medical News, April, 1905.

Studies on Cell Granula and Amoeboid Movements of the Blood

Cells of Limulus. Univ. of Pa. Med. Bull., May, 1905.

Immunity and Adaptation. Biol. Bull., IX, 1905.

Untersuchungen ueber Blutgerinnung. Hofmeister's Beitrage,

VIII, 1906.

Vergleichende Untersuchungen ueber d. Thrombose. Virchow's

Archiv., CLXXXV, 1906.

Untersuchungen ueber d. Granula d. Amoebocyten. Folia haematol.,

IV, Jahrg., 1907.

Untersuchungen ueber Blutgerinnung. Hofmeister's Beitrage,

IX, 1907.

Einige neuere Arbeiten ueber d. Blutgerinnung bei Wirbellosen

und bei Wirbelthieren. Biochem. Centralb., VI, 1907.

Ueber den Einfluss des Lichtes auf die Farbung und die Ent-

wicklung von Eiern von Asterias in Loesungen verschiedener

Farbstoffe. Arch. Entw'mech., XXIII, 1907.

Ueber d. Ersetsbarkeit d. Calciums durch andere Kationen bei

der. Gerinnung d. Hummerblutes. Centralblatt. Phys., XX
1907.



82 MARINE BIOLOGICAL LABORATORY.

The Effect of Light on Cells in Fluorescent Solutions After Addi-

tion of KCN. (With Miss Elizabeth Cooke.) Proc. Soc.

Exp. Biol. and Med., 1908.

LYMAN, GEORGE R. Culture Studies on the Polymorphism of Hymen-

omycetes. Proc. Boston Soc. Nat. Hist., XXXIII, pp. 125-

209, 1907.

LYON, E. P. The Functions of the Otocyst. Journ. Comp. Neur.,

VIII, p. 238, 1898.

Contributions to the Comparative Physiology of Compensatory

Motions. Am. Journ. Phys., Ill, p. 86, 1899.

Compensatory Motions in Fishes. Am. Journ. Phys., IV, p. 77,

1900.

Effects of KCN and Lack of Oxygen on the Fertilized Eggs and

Embryos of the Sea Urchin (Arbacia). Am. Journ. Phys.,

VII, p. 56, 1902.

Rhythms of Susceptibility and of CO, Production in Cleavage.

Biol. Bull., VI, p. 323, 1904.

Rhythms of CO, Production During Cleavage. Science, N. S.,

XIX, p. 350, 1904.

A Biological Examination of Distilled Water. Biol. Bull., VI, p.

198, 1904.

Rhythms of Susceptibility and of Carbon Dioxide Production in

Cleavage. Am. Journ. Phys., XI, p. 52, 1904.

On Rheotropism. I. Rheotropism in Fishes. Am. Journ. Phys.,

XII, p. 149, 1904-

Rheotropism in Fishes. Biol. Bull., VIII, p. 238, 1905.

Theory of Geotropism in Paramoecium. Am. Journ. Phys., XIV,

p. 421, 1905.

Note on the Geotropism of Arbacia Larvae. Biol. Bull., XII, p.

21, 1906.

Note on the Heliotropism of Palaemonetes Larvae. Biol. Bull.,

XII, p. 23, 1906.

Some Results of Centrifugalizing the Eggs of Arbacia (Prelimi-

nary). Am. Journ. Phys., XV, 1906.

Results of Centrifugalizing Eggs. Arch. Entw'mech., XXIII, p.

151, 1907.

The Relation of the Substances of the Egg, Separated by a Strong

Centrifugal Force, to the Location of the Embryo. (With T.

H. Morgan.) Arch. Entw'mech., XXIV, p. 147, 1907.

Mcd-ENDON, J. F. On the Anatomy and Embryology of the Central

Nervous System of the Scorpion. Biol. Bull., VIII, .pp. 38-55,

1904.



PUBLICATIONS. 83

On the Development of the Parasitic Copepods. Biol. Bull., XII,

pp. 37-88, 1907.

McCLUNG, C. E. B. The Chromosome Complex of Orthopteran

Spermatocytes. Biol. Bull., V, pp. 304-440, 1905.

MACDOUGAL, D. T. Significance of Mycorrhizas. Biol. Lectures, 1899.

Influence of Inversions of Temperature, Ascending and Descend-

ing Currents of Air, upon Distribution. Biol. Lectures, 1899.

MACFARLANE, J. M. Irrito-Contractility in Plants. Biol. Lectures,

1893.

The Organization of Botanical Museums for Schools, Colleges

and Universities. Biol. Lectures, 1894.

McMuRRiCH, J. P. Cell Division and Development. Biol. Lectures,

1890.

Contributions on the Morphology of the Actinozoa. II. On the

Development of the Hexactinise. Journ. Morph., IV, pp. 303-

330, 1891.

The Development of Cyanea Arctica. Am. Nat., 1891.

Contributions on the Morphology of the Actinozoa. III. The

Phylogeny of the Actinozoa. Journ. Morph., V, pp. 125-164,

1891.

The Gastraea Theory and its Successors. Biol. Lectures, 1891.

The Formation of the Germ-Layers in the Isopod Crustacea.

Zool. Anz., XV, 1892.

The Segmentation of the Ovum in Terrestrial Isopods. Zool.

Anz., XVIII, 1895.

Embryology of the Isopod Crustacea. Journ. Morph., XI, pp.

63-154, 1895.

Cell Division and Development. Biol. Lectures, 1895.

B. A Text Book of Invertebrate Morphology. New York, 2d

edition, 1896.

The Yolk-Lobe and the Centrosome of Fulgur curica. Anat.

Anz., XII, pp. 534-539, 1896-

The Epithelium of the so-called Midgut of the Terrestrial Iso-

pods. Journ. Morph., XIV, pp. 83-108, 1897.

Is the Isopod "Midgut" Digestive in Function? Zool. Anz.,

XXII, pp. 67-70, 1899.

MARK, E. L. Polychoerus caudatus, nov. gen. et nov. spec. Fest-

schrift zum siebenzigsten Geburtstage Rudolf Leuckarts, Leip-

zig, 1892.

MATHEWS, A. P. Some Ways of Causing Mitotic Division in Unfer-

tilized Arbacia Eggs. Am. Journ. Phys., IV, p. 343, 1900.



84 MARINE BIOLOGICAL LABORATORY.

Artificial Parthenogenesis Produced by Mechanical Agitation.

Am. Journ. Phys., VI, p. 142, 1901.

The Action of Pilocarpine and Atropine on the Embryos of the

Star-Fish and the Sea Urchin. Am. Journ. Phys., VI, p. 207,

1901.

The So-called Cross-Fertilization of Asterias by Arbacia. Am.

Journ. Phys., VI, p. 216, 1901.

Electrical Polarity in Hydroids. Am. Journ. Phys., VIII, p. 294,

1903.

The Relation Between Solution Tension, Atomic Volume and the

Physiological Action of Elements. Am. Journ. Phys., X, p.

290, 1903.

The Nature of Chemical and Electrical Stimulation. I. The

Physiological Action of an Ion Depends upon its Electrical

State and its Electrical Stability. Am. Journ. Phys., XI, p.

455. I904-

The Toxic and Anti-toxic Action of Salts. Am. Journ. Phys.,

XII, p. 419, 1904.

A Contribution to the General Principles of the Pharmacody-
namics of Salts and Drugs. Biol. Studies of Pupils of Wm. T.

Sedgwick, p. 81, 1906.

A Note on the Structure of the Living Protoplasm of Echino-

derm Eggs. Biol. Bull., XI, pp. 141-145, 1906.

A Note on the Susceptibility of Segmenting Arbacia and Asterias

Eggs to Cyanides. Biol. Bull., XI, pp. 137-140, 1906.

An Apparent Pharmacological
"
Action at a Distance

"
by Metals

and Metalloids. Am. Journ. Phys., XVIII, p. 39, 1907.

The Cause of the Pharmacological Action of Ammonium Salts.

Am. Journ. Phys., XVIII, p. 58, 1907.

A Contribution to the Chemistry of Cell-Division, Maturation

and Fertilization. Am. Journ. Phys., XVIII, p. 89, 1907.

MATHEWS, A. P., and WHITCHER, B. R. The Importance of Mechan-

ical Shock in Protoplasmic Activities. Am. Journ. Phys., VIII,

1903.

MAXWELL, S. S. Zur Theorie des Galvanotropismus. (With Jacques

Loeb.) Pflueger's Archiv., LXVII, 1897.

Beitrage zur Gehirnphysiologie der Anneliden. Pflueger's Arch.,

LXVII, p. 263, 1897.

MEAD, A. D. Preliminary Account of the Cell-Lineage of Am-

phitrite and the Annelids. Journ. Morph., IX, pp. 465-473,

1894.



PUBLICATIONS. 85

Some Observations on Maturation and Fecundation in Chaetop-

terus pergamentaceous Cuvier. Journ. Morph., X, 1895.

The Origin of the Egg Centrosomes. Journ. Morph., XII, pp.

391-394, 1896.

The Rate of Cell-Division and Function of the Centrosome. Biol.

Sec., Woods Hole, 1897.

The Cell Origin of the Prototroch. Biol. Lectures, 1898.

The Early Development of Marine Annelids. Journ. Morph.,

XIII, pp. 227-326, 1897.

The Origin and Behavior of the Centrosomes in the Annelid

Egg. Journ. Morph., XIV, pp. 181-218, 1898.

MEEK, W. J. The Relative Resistance of the Heart Ganglia, the

Intrinsic Nerve Plexus and the Heart to the Action of Drugs.

Am. Journ. Phys., XXI, 1908.

MELANDER, A. L. New Species of Hygroceleuthus and Dolichopus.

(With C. T. Brues.) Biol. Bull., I, pp. 123-148, 1900.

A Decade of Dolichopodidas. Journ. Entomol., XXXII, pp. 134-

144, 1900.

New Species of Hymenoptera. (With C. T. Brues.) Biol. Bull.,

Ill, pp. 33-42, 1902.

Monograph of Empididse of North America. Trans. Am. Ent.

Soc., XXVIII, pp. 195-367, 1902.

Guests and Parasites of the Burrowing Bee Halictus. (With C.

T. Brues.) Biol. Bull., V, pp. 1-27, 1903.

Notes on North American Mutillidae. Trans. Am. Ent. Soc.,

XXIX, pp. 291-330, 1903.

An Interesting New Chrysotus. Entomol. News, pp. 72-75, 1903.

MELTZER, S. J. Some Observations on the Effects of Agitation upon
Arbacia Eggs. Am. Journ. Phys., IX, p. 245, 1903.

MENSCH, P. CALVIN. Stolonization in Autolytus varians. Journ.

Morph., XVI, pp. 269-322, 1899.

On the Variation in the Position of the Stolon in Autolytus.

Biol. Bull., I, pp. 89-93, I9-
MERRILL, HARRIET BELL. Note on the Eye of the Leech. Zool. Anz.,

XVII, 1894.

METCALF, M. M. Preliminary Notes on the Embryology of Chiton.

Johns Hopkins Univ. Circ., June, 1893.

Contributions to the Embryology of Chiton. Studies from Biol.

Lab. of Johns Hopkins Univ., 1893.

Notes on Tunicate Morphology. I. The "
Sub-neural Gland in

Ascidians." Anat. Anz., XI, 1895.



86 MARINE BIOLOGICAL LABORATORY.

Notes on Tunicate Morphology. II. On the Presence of Pharyn-

geal and Cloacal Glands in Cynthia (Halocynthia) partita.

III. On Some Points in the Anatomy of the Nervous System
of Boltenia bolteni. IV. On the Nervous Nature of Certain

Lateral Outgrowths from the Ganglion in Salpa cordiformis,

chain form; and on the Smaller Eyes in Salpidae. V. On the

Precocious Development of the Testis and the Absence of

Eleoblast in Young Chain Individuals of Salpa cylindrica.

Anat. Anz., XI, 1895.

The Neural Gland in Ascidia atra. Zool. Bull., I, 1897.

The Neural Gland in Cynthia papillae. Anat. Anz., XIV, 1898.

Some Relations between Nervous Tissue and Glandular Tissue

in the Tunicata. Biol. Bull., I, 1899.

Notes on the Morphology of the Tunicata. Zool. Jahrb., XIII,

1900.

Phagocytosis in a Mammalian Ovary. Biol. Bull., II, 1901.

Neretina virginea, var. minor. Amer. Nat., XXXVIII, 1904.

The Anatomy of the Eyes and Neural Glands in the Aggregated

Forms of Cyclosalpa dolichosoma virgula and Salpa punctata.

(With M. E. L. Johnson.) Biol. Bull., IX, 1905.

Salpa and the Phylogeny of the Eyes of Vertebrates. Anat.

Anz., XXIX, 1906.

B. An Outline of the Theory of Organic Evolution. The Mac-

millan Co., 2d edition, 1906.

MONTGOMERY, T. H. B. The Derivation of the Freshwater and

Land Nemerteans and Allied Questions. Journ. Morph., XI,

1895.

On the Connective Tissues and Body Cavities of the Nemerteans,

with Notes on Classification. Zool. Jahrb., X, 1897.

Descriptions of New Nemerteans, with Notes on Other Species.

Zool. Jahrb., X, 1897.

Studies on the Elements of the Central Nervous System of the

Heteronemertines. Journ. Morph., XIII, 1897.

Cytological Studies, with Especial Regard to the Morphology of

the Nucleolus. Journ. Morph., XV, 1899.

Observations on Various Nucleolar Structures of the Cell. Biol.

Lectures, 1899.

B. The Spermatogenesis of Peripatus Balfouri up to the Forma-

tion of the Spermatid. Zool. Jahrb., XIV, 1900.

A Study of the Chromosomes of the Germ Cells of Metazoa.

Trans. Amer. Phil. Soc., XX, 1901.



PUBLICATIONS. /

Further Studies on the Chromosomes of the Hemiptera heterop-

tera. Proc. Acad. Nat. Sci., Philadelphia, 1901.

List of the Hemiptera heteroptera of the Vicinity of Woods

Hole, Mass. Entom. News, 1902.

B. The Adult Organization of Paragordius varius (Leidy).

Zool. Jahrb, XVIII, 1903.

Supplementary Notes on Spiders of the Genera Lycosa, Pardosa,

Pirata and Dolomedes from the Northeastern United States.

Proc. Acad. Nat. Sci., Philadelphia, 1903.

Descriptions of North American Aranese of the Families Lyco-

sid?e and Pisauridse. Proc. Acad. Nat. Sci., Philadelphia, 1904.

Chromosomes in the Spermatogenesis of the Hemiptera heterop-

tera. Trans. Amer. Phil. Soc., XXI, 1906.

The Oviposition, Cocooning and Hatching of an Aranead, Theri-

dium tepidariorum C. Koch. Biol. Bull., XII, 1906.

Probable Dimorphism of the Eggs of an Aranead. Biol. Bull.,

XII, 1907.

On the Maturation Mitoses and Fertilization of the Egg of

Theridium. Zool. Jahrb., XXV, 1907.

B. On Reproduction, Animal Life Cycles and the Biological

Unit. Trans. Texas Acad. Sci., IX, 1907.

MOORE, ANNE. Dinophilus Gardineri (Sp. Nov.). Biol. Bull., I, pp.

15-18, 1899.

MOORE, A. C. The Mitoses in the Spore Mother-Cell of Palavicinia.

Bot. Gaz., XXXVI, p. 384, 1903.

Sporogenesis in Pallavicinia. Bot. Gaz., XL, p. 81, 1905.

MOORE, G. T. New or Little Known Unicellular Algas. I. Chloro-

cystes Cohnii. Bot. Gaz., XXX, pp. 100-113, 1900.

New or Little Known Unicellular Algae. II. Eremosphsera viri-

dis and Excentrosphaera. Bot. Gaz., XXXII, pp. 309-325, 1901.

MOORE, ]. P. Descriptions of Two Species of Polychaeta from Woods

Hole, Mass. Proc. Acad. Nat. Sci., Philadelphia, 1903.

Some Pelagic Polychseta New to the Woods Hole Fauna. Proc.

Acad. Nat. Sci., Philadelphia, 1903.

A New Species of Sea Mouse (Aphrodita nastata) from Eastern

Massachusetts. Proc. Acad. Nat. Sci., Philadelphia, 1905.

Some Marine Oligoch;eta of New England. Proc. Acad. Nat.

Sci., Philadelphia, 1905.

Descriptions of New Species of Polychaeta from the South-

western Coast of Massachusetts. Proc. Acad. Nat. Sci., Phila-

delphia, 1906.



88 MARINE BIOLOGICAL LABORATORY.

Descriptions of New Spioniform Annelids. Proc. Acad. Nat.

Sci., Philadelphia, 1907.

MORGAN, LILLIAN V. Regeneration of Grafted Pieces of Planarians.

Journ. Exp. Zool., Ill, pp. 269-294, 1906.

MORGAN, T. H. The Relationships of the Sea Spiders. Biol. Lec-

tures, 1892.

A Contribution to the Ontogeny and Phylogeny of the Pycno-

gonids. Johns Hopkins Studies, V, 1891.

The Test Cells of the Ascidians. Journ. Morph., V, 1892.

Spiral Modification of Metamerism. Journ. Morph., VII, 1892.

Balanoglossus and Tornaria of New England. Zool. Anz., 1892.

Experimental Studies on Echinoderm Eggs. Anat. Anz., 1893.

The Development of Balanoglossus. Journ. Morph., IX, 1894.

The Growth and Metamorphosis of Tornaria. Journ. Morph.,

V, pp. 407-458. 1891.

Experimental Studies on Teleost Eggs. Anat. Anz., VIII, pp.

803-814, 1893.

The Formation of the Fish Embryo. Journ. Morph., X, pp. 419-

472, 1895.

Regeneration and Liability to Injury. Zool. Bull., I, pp. 287-300,

1898.

Regeneration in Gonionomus. Am. Nat., XXXIII, pp. 939-957,

1899.

The Action of Salt-Solutions on the Unfertilized and Fertilized

Eggs of Arbacia and Other Animals. Roux's Arch., VIII, p.

448, 1899.

Further Experiments on the Regeneration of the Appendages of

the Hermit Crab. Anat. Anz., XVII, pp. 1-9, 1900.

Regeneration in Planarians. Arch. Entw'mech., X, pp. 58-119,

1900.

Regeneration in Teleosts. Arch. Entw'mech., X, pp. 120-134, 1900.

Further Studies on the Action of Salt-Solutions and of Other

Agents on the Eggs of Arbacia. Roux's Arch., X, p. 489, 1900.

Further Experiments on the Regeneration of the Tail of Fishes.

Arch. Entw'mech., XIV, pp. 539-561, 1902.

The Reflexes Connected with Autotomy in the Hermit Crab.

Am. Journ. Phys., VI, p. 278, 1902.

Control of Heteromorphosis in Planaria maculata. Roux's Arch.,

XVII, p. 683, 1903.

Self-Fertilization Induced by Artificial Means. Journ. Exp. Zool.,

i, pp. iss-^s, 1904-



PUBLICATIONS. 89

Some Further Experiments on Self-Fertilization in Ciona. Biol.

Bull., VIII, pp. 3*3-330, 1905-

The Physiology of Regeneration. Journ. Exper. Zool., Ill, pp.

Hydranth Formation and Polarity in Tubularia. Journ. Exper.

Zool., Ill, pp. 501-516, 1906.

The Male and Female Phylloxerans of the Hickories. Biol. Bull.,

X, pp. 201-206, 1906.

Some Further Records Concerning the Physiology of Regenera-

tion in Tubularia. Biol. Bull., XIV, pp. 149-162, 1908.

The Effect of Centrifuging Eggs of the Mollusc Cumingia.

Science, XXVII, pp. 66-67, 1908.

MORGAN, T. H., and LYON, E. P. The Relation of the Substances of

the Egg, Separated by a Strong Centrifugal Force, to the Loca-

tion of the Embryo. Arch. Entw'mech., XXIV, pp. 147-159,

1907.

MORGAN, T. H., and SCHIEDT, A. E. Regeneration in the Planarian

Phagocata gracilis. Biol. Bull., VII, pp. 160-165, I94-

MORRILL, A. D. The Pectoral Appendages of Prionotus and their

Innervation. Journ. Morph., XI, 1895.

The Innervation of the Auditory Epithelium of Mustelus Canis.

Journ. Morph., XIV, 1897.

MORSE, MAX. Notes on the Behavior of Gonionemus. Journ. Comp.

Neur., XVI, pp. 450-456, 1906.

Further Notes on the Behavior of Gonionemus. Am. Nat., XLI,

pp. 683-688, 1907.

MUNSON, J. P. The Ovarian Egg of Limulus : A Contribution to the

Problem of the Centrosome and Yolk-nucleus. Journ. Morph.,

XV, pp. 111-220, 1898.

MURBACH, Louis. Preliminary Note on the Life History of Gonio-

nemus. Journ. Morph., XI, pp. 493-496, 1895.

Hydroids from Woods Hole, Mass.
; Hypolytus peregrinus, a New

Unattached Marine Hydroid; Corynitis Agassiz and its Me-

dusa. Quar. Journ. Micr. Sci., XLII, pp. 341-360, 1899.

The Static Function in Gonionemus. Am. Journ. Phys., X, pp.

201-209, 1903.

On the Light Receptive Function of the Marginal Papillae of

Gonionemus. Biol. Bull., XIV, 1907.

MURLIN, J. R. Absorption and Secretion in the Digestive System

of the Land Isopods. Proc. Phila. Acad. Nat. Sci., May, 1902.

NEAL, H. V. The Segmentation of the Nervous System in Squalus



9O MARINE BIOLOGICAL LABORATORY.

acanthias. Bull. Mus. Comp. Zool., Harvard University, XXXI,
1897.

The Problem of the Vertebrate Head. Journ. Comp. Neur.,

VIII, 1898.

The Histogenesis of Central Nerves. I. Spinal Ventral Nerves.

Mark Anniv. Volume, 1903.

NELSON, J. A. B. The Early Development of Dinophilus as Com-

pared with that of the Annelids. Amer. Nat., XXXVIII,

1904.

B. The Early Development of Dinophilus: A Study in Cell-

Lineage. Proc. Acad. Nat. Sci., Phila., LVI, 1904.

B. The Nervous System and Nephridia of Dinophilus. Science,

N. S., XXIV.
B. The Morphology of Dinophilus Conklini n. sp. Proc. Acad.

Nat. Sci., Phila., LIX, 1907.

NEWMAN, H. H. On Some Factors Governing the Permeability of

the Egg Membrane by the Sperm. Biol. Bull., IX, pp. 378-

387> I905-

B. The Significance of Scute and Plate Abnormalities in Che-

Ionia. Biol. Bull., X, 1906.

On the Respiration of the Heart, with Special Reference to the

Heart of Limulus. Amer. Journ. Phys., XV, pp. 371-386, 1906.

B. The Spawning Habits of Certain Tortoises. Journ. Comp.
Neur. and Psychol., XVI, 1906.

Spawning Behavior and Sexual Dimorphism in Fundulus hetero-

clitus and Allied Fish. Biol. Bull., XII, pp. 314-348, 1907.

The Process of Heredity as Exhibited by the Development of

Fundulus Hybrids. Journ. Exp. Zool., 1908.

NICHOLS, LOUISE M. The Spermatogenesis of Oniscus asellus, Linn,

with Special Reference to the History of the Chromatin.

Amer. Nat, XXXV, 1901.

Chromosome Relations in the Spermatocytes of Oniscus. Biol.

Bull, XII, 1906.

NOGUCHI, HIDEYO. The Interaction of the Blood of Cold-Blooded

Animals, with Reference to Haemolysis, Agglutination and

Precipitation. Univ. Penna. Med. Bull, Nov., 1902.

A Study of Immunization Hasmolysins, Agglutinins, Precipitins

and Coagulins in Cold-Blooded Animals. Univ. of Penna. Med.

Bull, Nov., 1902.

NOGUCHI, HIDEYO, and FLEXNER, SIMON. On the Plurality of Cyto-

lysins in Snake Venom. Univ. of Penna. Med. Bull, July-

August, 1903.



PUBLICATIONS. 9 1

NOGUCHI, HIDEYO. The Multiplicity of the Hsemagglutinins, and the

Heat Liability of the Complements of Cold-Blooded Animals.

Univ. of Penna. Med. Bull., July-August, 1903.

The Action of Snake Venom upon Cold-Blooded Animals. Car-

negie Inst., 1904.

NORMAN, W. W. Segmentation of the Nucleus without Segmenta-
tion of the Protoplasm. Roux's Arch., Ill, 1896.

Durfen wir aus den Reactionen Niederer Thiere auf das Vor-

handensein von Schmerzempfindungen Schliessen. Pflueger's

Arch., LXVII, p. 137, 1897.

Do Reactions against Injury Indicate Pain Sensations? Am.

Journ. Phys., Ill, p. 271, 1900.

OSBORN, H. F. Evolution and Heredity. Biol. Lectures, 1890.

Search for the Unknown Factors of Evolution. Biol. Lectures,

1894.

A Student's Reminiscences of Huxley. Biol. Lectures, 1895.

OSTERHOUT, W. W. A. On the Life History of Rhabdonia tenera.

Ann. Bot, X, p. 403, 1896.

OSTERHOUT, W. W., and SETCHELL, W. A. Some Aqueous Media for

Preserving Algae for Class Material. Bot. Gaz., XXI, p. 140,

1896.

PACKARD, W. H. On Resistance to Lack of Oxygen and on a Method

of Increasing this Resistance. Am. Journ. Phys., XV, pp. 30-

41, 1905.

The Effect of Carbohydrates on Resistance to Lack of Oxygen.
Am. Journ. Phys., XVIII, pp. 164-180, 1907.

Further Studies on Resistance to Lack of Oxygen. Amer. Journ.

Phys., April, 1908.

PATTEN, WM. On the Origin of Vertebrates from Arachnids. Quar.

Journ. Micr. Sci., XXXI, 1890.

On Structures Resembling Dermal Bones in Limulus. Anat.

Anz., IX, 1893.

The Structure and Origin of the Excretory Organs of Limulus

Zool. Bull., I, 1898.

The Endocrania of Limulus, Apus and Mygale. Journ. Morph.,

XVI, 1899.

PATTEN, WM. The Development of the Coxal Gland, Branchial Car-

tilages and Genital Ducts of Limulus polyphemus. Journ.

Morph, XVI, 1899.

PATTEN, WM, and REDENBAUGH, W. A. The Nervous System of

Limulus polyphemus with Observations on the General Anat-

omy. Journ. Morph, XVI, 1899.



92 MARINE BIOLOGICAL LABORATORY.

PATTEN, WM. and HAZEN, ANNA P. B. The Morphology of the

Arthropod-Vertebrate Phythmus.

PATTERSON, J. T. B. The Order of Appearance of the Anterior

Somites in the Chick. Biol. Bull., XIII, 1907.

PEABODY, J. E. The Ampullae of Lorenzini of the Selachii. Zool.

Bull., I, pp. 163-178, 1897.

PEARL, RAYMOND. On the Behavior and Reactions of Limulus in

Early Stages of its Development. Journ. Comp. Neur. and

Psychol., XIV, pp. 138-164, 1904.

PEEBLES, FLORENCE. Experiments in Regeneration and in Grafting

of Hydrozoa. Arch. Entw'mech., X, pp. 435-488, 1900.

B. Further Experiments in Regeneration and in Grafting of

Hydroids. Arch. Entw'mech., XIV, 1902.

PENHALLOW, D. P. A Classification of the North American Taxa-

cese and Coniferae on the Basis of Stem Structure. Biol. Lec-

tures, 1897.

PERKINS, H. F. Degeneration Phenomena in the Larvae of Gonio-

nema. Biol. Bull., Ill, 1902.

Budding in the Larvae of Gonionema Murbachii. Johns Hopkins
Univ. Circ., XXI, 1902.

The Development of Gonionema Murbachii. Proc. Phila. Acad.

Nat. Sci., LIV, 1903.

PLATT, JULIA B. The Anterior Head Cavities of Acanthias. Zool.

Anz., 1890.

The Anterior Head Cavities of Acanthias. Zool. Anz., 1890.

Further Contributions to the Morphology of the Vertebrate

Head. Anat. Anz., VI, 1891.

A Contribution to the Morphology of the Vertebrate Head Based

on a Study of Acanthias vulgaris. Journ. Morph., V, 1891.

RANKIN, W. M. B. The Northrop Collection of Crustacea from

the Bahamas. Ann. N. Y. Acad. Sci., XI, 1898.

RETZER, ROBERT. Results of Recent Investigations on the Mammalian

Heart. Anat. Soc., Dec., 1907.

Some Anatomical Facts and Theories Concerning the Heart.

Johns Hopkins Med. Soc., March, 1908.

RHODES, FREDERICK A. Carbohydrate Metabolism: Relation of the

Different Tissues to the Destruction of Sugar. Amer. Med.,

VIII, 1904.

RICE, EDWARD L. B. Fusion of Filaments in the Lamellibranch

Gill. Biol. Bull., II, 1900.

Gill Development in Mytilus. Biol. Bull., XIV, 1908.



PUBLICATIONS. 93

RICHARDSON, HARRIET. B. Contributions to the Natural History of

the Isopoda. Proc. U. S. Nat. Mus., XXVII, 1904.

B. A Monograph on the Isopods of North America. Bull. U. S.

Nat. Mus., LIV, 1905.

RUEDIGER, G. F. The Effect of Streptococci on Sera of Cold-Blooded

Animals. Journ. Inf. Dis., I, 1904.

Phagocytosis and Opsonins in the Lower Animals. (With D.

J. Davis.) Journ. Inf. Dis., IV., 1907.

RUSSELL, H. L. Bacteriological Investigations of the Sea and its

Floor. Bot. Gaz., XVII, p. 312, 1892.

RYDER, JOHN A. Dynamics in Evolution. Biol. Lectures, II, 1893.

A Dynamical Hypothesis of Inheritance. Biol. Lectures, III,

1894.

SCHIVELY, MARY A. Ueber die Abhangigkeit der Herzthatigkeit

einiger Seethiere von der Concentration des Seewassers.

Pfluger's Arch., Aug., 1894.

The Anatomy and Development of Spirorbis borealis. Proc.

Phila. Acad. Nat. Sci., 1897.

SCOTT, J. W. Periods of Susceptibility in the Differentiation of

Unfertilized Eggs of Amphitrite. Biol. Bull., V, pp. 35-41,

1903.

Morphology of the Parthenogenetic Development of Amphitrite.

Journ. Exp. Zool., Ill, pp. 49-98, 1906.

SCOTT, W. B. Paleontology as a Morphological Discipline. Biol.

Lectures, 1895.

Methods of Paleontological Inquiry. Biol. Lectures, 1896.

SHAW, C. W. Cleistogamy in Polygala polygama and P. pauciflora.

Contr. Bot. Lab. Univ. of Penna., II, p. 122, 1901.

The Development of Vegetation in the Morainal Depressions of

the Vicinity of Woods Hole. Bot. Gaz., XXXIII, p. 437, 1902.

B. Note on the Sexual Generation and the Development of the

Seed Coats in Certain of the Papaveracese. Bull. Torr. Bot.

Club, XXXI, p. 429, 1904.

SIMONS, ETOILE B. Development of Conceptacles in Sargassium

Fillipendrium. Bot. Gaz., XLI, 1906.

SMALLWOOD, W. M. Contribution to the Morphology of Pennaria

tiarella, McCrady. Am. Nat., 1899.

Centrosome in the Maturation and Fertilization of Bulla solitaria.

Biol. Bull., Ill, 1901.

Maturation, Fertilization and Early Cleavage of Hamiura soli-

taria. Bull. Mus. Comp. Zool., 1904.

Natural History of Hamiura solitaria. Am. Nat., 1904.



94 MARINE BIOLOGICAL LABORATORY.

SOLLMAN, TORALD. The Simultaneous Action of Pilocarpine and

Atropine on the Developing Embryos of the Sea Urchin and

Starfish. Am. Journ. Phys., X, p. 352, 1904.

Structural Changes of Ova in Anisotonic Solutions and Saponin.

Am. Journ. Phys., XII, p. 99, 1904.

The Effects of a Series of Poisons on Adult and Embryonic Fun-

duli. Am. Journ. Phys., XVI, p. i, 1906.

SPAULDING, E. G. An Establishment of Association in Hermit Crabs,

Eupagurus Longicarpus. Journ. Comp. Neur., XIV, pp. 49-61,

1904.

B. The Special Physics of Segmentation as Shown by the

Synthesis, from the Standpoint of Universally Valid Dynamic

Principles, of all the Artificial Parthenogenetic Methods. Biol.

Bull., VI, pp. 97-122, 1904.

The Rhythm of Immunity and Susceptibility of Fertilized Sea-

Urchin Eggs to Ether, to HC1, and to Some Salts. Biol. Bull.,

VI, pp. 224-240, 1904.

B. The Energy of Segmentation: An Appplication of Physical

Laws to Organic Events. Journ. Exp. Zool., IV, pp. 283-316,

1907.

STERNBERG, G. M. Immunity. Biol. Lectures, 1895.

STEVENS, NETTIE M. B. Notes on Regeneration in Planaria lugubris.

Arch. Entw'mech., XV, 1902.

J5. Regeneration in Tubularia mesembryanthemum. Arch.

Entw'mech., XV, 1902.

Further Studies on the Ciliate Infusoria, Licnophora and Boveria.

Arch. Prot, 1903.

Further Studies on the Ovogenesis of Sagitta. Zool. Jahrb.,

XXII, 1905.

Studies on the Germ Cells of Aphids. Carnegie Inst., Pub. LI,

1906.

Studies in Spermatogenesis. II. A Comparative Study of the

Heterochromosomes in Certain Species of Coleoptera, Hemip-

tera, and Lepidoptera, with Special Reference to Sex Deter-

mination. Carnegie Inst., Pub. XXXVI, 1906.

STOCKARD, C. R. The Development of Fundulus heteroclitus in Solu-

tions of Lithium Chloride with Appendix on its Development
in Fresh Water. Journ. Exp. Zool., Ill, pp. 99-120, 1906.

The Artificial Production of a Single Median Cyclopean Eye in

the Fish Embryo by Means of Sea Water Solution of Mag-
nesium Chloride. Arch. Entw'mech., XXIII, pp. 249-258, 1907.



PUBLICATIONS. 95

The Influence of External Factors, Chemical and Physical, on the

Development of Fundulus heteroclitus. Journ. Exp. Zool., IV,

pp. 165-202, 1907.

STREETER, G. L. On the Histogenesis of Spinal Ganglia in Mammals.

Proc. Assoc. Am. Anat, Am. Journ. Anat., IV, 1904.

Some Experiments on the Developing Ear Vesicle of the Tad-

pole, with Relation to Equilibration. Journ. Exp. Zool., Ill,

1906.

Some Controlling Influences in the Development of the Amphib-

ian Ear Vesicle. Proc. Seventh Internat. Zool. Congress, Bos-

ton, 1907.

STRONG, O. S. B. The Cranial Nerves of Amphibia. Journ. Morph.,

X, pp. 101-230, 1895.

Cranial Nerves of Squalus acanthias. Science, 1903.

STRONG, R. M. A Case of Abnormal Plumage. Biol. Bull., Ill, pp.

289-294, 1902.

B. Causes of Blue and Green in Feathers. Biol. Bull., VIII, pp.

237-38, 1905-

B. The Evolution of Color-Producing Structures in Birds.

Science, XXI, 1905.

SUMNER, F. B. Kupffer's Vesicle and its Relation to Gastrulation

and Concrescence. Mem. N. Y. Acad. Sci., II, pp. 47-84, 1900.

SURFACE, F. M. The Early Development of a Polyclad, Planocera

inquilina Eh. Proc. Phila. Acad. Nat. Sci., Dec., 1907.

TENNENT, D. H., and HOGUE, MARY J. Studies on the Development

of the Starfish Egg. Journ. Exp. Zool., Ill, pp. 517-542, 1906.

TENNENT, D. H. B. A Study of the Life History of Bucephalus

haimaneus, A Parasite of the Oyster. Quar. Journ. Micr. Sci.,

XLIX, 1906.

Further Studies on the Parthenogenetic Development of the Star-

fish Egg. Biol. Bull., XIII, pp. 309-316, 1907.

TERRY, O. P. Galvanotropism of Volvox. Am. Journ. Phys., XV,

p. 235, 1906.

THACHER, H. F. The Regeneration of the Pharynx in Planaria

maculata. Am. Nat., XXXVI, pp. 633-641, 1902.

A Preliminary Note on the Absorption of the Hydranths of

Hydroid Polyps. Biol. Bull., IV, pp. 86-98, 1903.

Absorption of the Hydranth in Hydroid Polyps. Biol. Bull., V,

pp. 297-303, 1903.

THOMPSON, CAROLINE B. Preliminary Description of Zygewpolia

litoralis, a New Genus and New Species of Heteronemertean.

Zool. Anz., XXIII, 1890.



96 MARINE BIOLOGICAL LABORATORY.

Carinoma tremaphoros, a New Mesonemertean Species. Zool.

Anz., XXIII, 1890.

Zygewpolia litoralis, a New Heteronemertean. Proc. Phila.

Acad. Nat. Sci., 1901.

The Commissures and the Neurochord Cells of the Brain of

Cerebratulus lacteus.

THORNDIKE, E. L. Instinct. Biol. Lectures, 1899.

The Associative Processes in Animals. Biol. Lectures, 1899.

The Intelligence of Fishes. Am. Nat.

TINGLE, J. BISHOP. B. On Dimroth's paper: Behavior of Diazo-

nium Compounds towards Ketonic and Enolic Desmotrophy.

Journ. Am. Chem. Soc., Aug., 1907.

TINGLE, J. BISHOP, and LOVELACE, B. F. B. Intramolecular Con-

densation of Perthanilic Acid and of Certain Allied Com-

pounds. II. Am. Chem. Journ., Nov., 1907.

TINGLE, J. BISHOP, and WILLIAMS, L. F. B. Study of the Action of

Certain Anions on Camphor-oxalic Acid. Am. Chem. Journ.,

Jan., 1908.

B. Study of the Action of Primary and Tertiary Anions on

Camphor-oxalic Acid. Am. Chem. Journ., Feb., 1908.

TINGLE, J. BISHOP, and GORSHIRE, E. E. B. Investigation of the

Claisen Condensation. II. Effect of the Reaction of Varying

Conditions. III.. Contribution towards the Elucidation of the

Mechanism of the Reaction. IV. Contribution towards the

Elucidation of the Mechanism of the Reaction. Am. Chem.

Journ., June, 1908.

TORELLE, ELLEN. On the Fertilization of the Eggs of Asterias and

Arbacia by 'Sperm Immersed in Solutions of Alcohol, Ether,

Ammonium hydroxide, or Ammonium chloride. Bull. Wise.

Nat. Hist. Soc., V.

TREADWELL, A. L. The Cell-Lineage of Podarke obscura. Pre-

liminary Communication. Zool. Bull., I, pp. 195-203, 1897.

Equal and Unequal Cleavage in Annelids. Biol. Lectures, 1898.

The Cytogeny of Podarke obscura Verrill. Journ. Morph.,

XVII, pp. 399-486, 1901.

Notes on the Nature of
"
Artificial Parthenogenesis

"
in the Egg

of Podarke obscura. Biol. Bull., Ill, pp. 235-240, 1902.

TRUE, RODNEY H., and GIES, WM. J. On the Physiological Action of

Some of the Heavy Metals in Mixed Solutions. Bull. Torrey
Bot. Club, XXX, pp. 390-402, 1903.



PUBLICATIONS. 97

TRUE, RODNEY H., and OGLEVEE, C. S. The Effect of the Presence

of Insoluble Substances on the Toxic Action of Poisons. Bot.

Gaz., XXXIX, pp. i-21, 1905.

VAN DUYNE, J. Ueber Heteromorphose bei Planarien. Pfluger's

Arch., LXIV, p. 569, 1896.

WALLACE, LOUISE B. The Structure and Development of the Axil-

lary Gland of Batrachus. Journ. Morph., VIII, 1893.

The Germ-Ring in the Egg of the Toadfish (Batrachus tau).

Journ. Morph., XV, 1898.

The Accessory Chromosome in the Spider. Anat. Anz., XVIII,

1900.

Spermatogenesis of the Spider. Biol. Bull., VIII, 1905.

WATASE, S. Homology of the Centrosome. Journ. Morph., VIII,

1893.

Studies on the Cephalopods. I. Cleavage of the Ovum. Journ.

Morph., IV, 1891.

On Karyokinesis. Biol. Lectures, I, 1890.

The Origin of the Sertoli's Cell. Amer. Nat, 1892.

On the Significance of Spermatogenesis. Amer. Nat., 1892.

On the Phenomena of Sex Differentiation. Journ. Morph., VI,

1892.

On the Nature of Cell Organization. Biol. Lectures, II, 1892.

Origin of the Centrosome. Biol. Lectures, III, 1894.

Luminous Phenomena of Living Organisms. Biol. Lectures, 1895.

WEBBER, HERBERT J. On the Antheridia of Lomentaria. Ann. Bot.,

V, 1891.

WHEELER, W. M. B. Neuroblasts in the Arthropod Embryo. Journ.

Morph., IV, 1891.

B. Concerning the
"
Blood-tissue

"
of the Insecta. Psyche, 1892

B. A Contribution to Insect Embryology. Journ. Morph., VIII,

1893.

B. The Primitive Number of Malpighian Vessels in Insects.

Psyche, 1893.

Syncoelidium pellucidum, a New Marine Triclad. Journ. Morph.,

IV, 1894.

Planocera inquilina, a Polyclad Inhabiting the Gill-chamber of

Sycotypus canaliculatus. Journ. Morph., IX, 1894.

The Problems, Methods and Scope of Developmental Mechanics.

Translation from Wm. Roux. Biol. Lectures, 1894.

The Behavior of the Centrosomes in the Fertilized Egg of Myzo-
stoma Glabrum, Leuckart. Journ. Morph., X, 1895.



98 MARINE BIOLOGICAL LABORATORY.

B. New Species of Dolichopodidae from the United States.

Proc. Calif. Acad. Sci., (3) Zool. II, 1899.

B. Caspar Frederick Wolff and the Theoria Generationis. Biol.

Lee., Marine Biol. Lab., 1899.

B. On the Genus Hypocharassus Mik. Entom. News, Apr., 1900.

B. The Habits of Ponera and Stigmatomma. Biol. Bull., II,

1900.

WHITMAN, C. O. The Inadequacy of the Cell Theory of Develop-

ment. Journ. Morph., VIII, pp. 639-658, 1893.

Specialization and Organization. Biol. Lectures, I, 1890.

The Naturalist's Occupation. Biol. Lectures, I, 1890.

A Marine Observatory. Pop. Sci. Monthly, 1893.

The Work and Aims of the Marine Biological Laboratory. Biol.

Lectures, II, 1893.

The Metamerism of Clepsine. Festschrift zum siebenzigsten

Geburtstag Rudolf Leuckarts. Leipzig, 1892.

A Sketch of the Structure and Development of the Eye of Clep-

sine. Spengel's Zool. Jahrb., VI, 1893.

Evolution and Epigenesis. Biol. Lectures, III, 1894.

Bonnet's Theory of Evolution. Biol. Lectures, III, 1894.

The Palingenesia and Germ-Doctrine of Bonnet. Biol. Lectures,

1894.

Animals' Behavior. Biol. Lectures, 1898.

A Biological Farm. Biol. Bull., Ill, 1902.

WHITNEY, D. D. An Examination of the Effects of Mechanical

Shocks and Vibration upon the Rate of Development of Fer-

tilized Eggs. Journ. Exp. Zool., Ill, pp. 41-48, 1906.

WILCOX, ALICE W. Locomotion in Young Colonies of Pectinatella

magnifica. Biol. Bull., XI, 1906.

WILLCOX, MARY A. Biology of Acmsea Testudinalis Miiller. Am.

Nat., XXXIV, 1905.

Anatomy of Acmsea Testudinalis Miiller. Am. Nat., XL, 1906.

WILDER, BURT G. Some Neural Terms. Biol. Lectures, 1896.

WILLEY, ARTHUR. B. Amphioxus and the Ancestry of the Verte-

brates. With Preface by H. F. Osborn. Col. Univ., Biol. Ser.

II, Macmillan Co., 1894.

On the Protostigmata of Molgula manhattensis (De Kay).

Quar. Journ. Micr. Sci., XLIV, pp. 141-160, 1900.

WILSON, E. B. Some Problems of Annelid Morphology. Biol. Lec-

tures, I, 1890.



PUBLICATIONS. 99

The Origin of the Germ-bands of Annelids. Journ. Morph., IV.

1891.

The Cell-Lineage of Nereis. Journ. Morph., VI, 1892.

Mosaic Theory of Development. Biol. Lectures, 1893.

The Embryological Criterion of Homology. Biol. Lectures, III,

1894.

Maturation, Fertilization and Polarity in the Echinodern Egg.

(With A. P. Mathews.) Journ. Morph., XI, 1895.

Archiplasm, Centrosome and Chromatin in the Sea-Urchin Egg.

Journ. Morph., XI, 1895.

Considerations on Cell-Lineage and Ancestral Reminiscence.

Ann. N. Y. Acad. Sci., XL
The Structure of Protoplasm. Biol. Lectures, 1898.

On Protoplasmic Structure in the Eggs of Echinoderms, etc.

Journ. Morph., Suppl. XV, 1899.

Studies on Chromosomes, II. Journ. Exp. Zool., II, 1905.

Studies on Chromosomes, III. Journ. Exp. Zool., Ill, 1906.

B. The Cell in Development and Inheritance. 2d ed., 1900.

B. Experiments on Cleavage and Localization in the Nemertine

Egg. Arch. Entw'mech., XVI.

WILSON, W. P. The Influence of External Conditions on Plant Life.

Biol. Lectures, II, 1893.

WOLFE, J. J. Cytological Studies in Nemalion. Ann. Bot., XVIII, p.

607, 1904.

WOODRUFF, L. L. B. An Experimental Study on the Life History

of Hypotrichous Infusoria. Journ. Exp. Zool., 1905.

B. Physiological and Morphological Changes during 860 Gen-

erations of Oxytricha fallax. Science, 1905.

B. Variation during the Life Cycle of Infusoria in its Bearings

on the Determination of Species. Science, 1907.

B. Effects of Alcohol on the Division-rate of Infusoria. Sci-

ence, 1908.

B. Effects of Alcohol on the Life Cycle of Infusoria. Biol.

Bull., XV, 1908.

B. Increased Susceptibility of Protozoa to Poison Due to Treat-

ment with Alcohol. Proc. Soc. Exp. Biol. and Med., V, 1908.

YAMANOUCHI, SHIGEO. The Life History of Polysiphonia violacea.

Bot. Gaz., XLI, pp. 425-433> 1906.

The Life History of Polysiphonia. Bot. Gaz., XLII, pp. 401-

449, 1906.



IOO MARINE BIOLOGICAL LABORATORY.

YERKES, ADA W. Modifiability of Behavior in Hydroides dianthus.

Journ. Comp. Neur. and Psychol., XVI, pp. 441-449, 1906.

YERKES, ROBERT M. Formation of Habits in the Turtle. Pop. Sci.

Monthly, LVIII, pp. 519-525, 1901.

Habit Formation in the Green Crab, Carcinus granulatus. Biol.

Bull., Ill, pp. 241-244, 1902.

A Contribution to the Physiology of the Nervous System of the

Medusa Gonionemus Murbachii. II. The Physiology of the

Central Nervous System. Am. Journ. Phys., VII, pp. 181-

198, 1902.

A Study of the Reactions and the Reaction Time of the Medusa

Gonionemus Murbachii to Photic Stimuli. Am. Journ. Physt,

IX, pp. 278-307, 1903.

B. Bahnung und Hemmung der Reactionen auf tactile Reize

durch akustische Reize beim Frosche. Arch. ges. Phys., CVII,

pp. 207-237, 1905.

Concerning the Behavior of Gonionemus. Journ. Comp. Neur.

and Psychol., XVI, pp. 457-463, 1906.

B. The Dancing Mouse: A Study in Animal Behavior. The

Macmillan Co., 1907.

ZELENY, CHARLES. A Case of Compensatory Regulation in the Re-

generation of Hydroides dianthus. Arch. Entw'mech., XIII.

1902.

B. Compensatory Regulation. Journ. Exp. Zool., II, 1904.

B. The Relation of the Degree of Injury to the Rate of Regen-
eration. Journ. Exp. Zool., II, 1905.



Vol. XVII. July, 1909. No. 2.

BIOLOGICAL BULLETIN

KARYOKINETIC FIGURES OF CENTRIFUGED EGGS.
AN EXPERIMENTAL TEST OF THE CENTER

OF FORCE HYPOTHESIS.

FRANK R. LILLIE.

In the annelid Chtftoptents the first maturation spindle forms

in the unfertilized eggs after they are shed in the sea-water, and

develops to the stage of the mesophase (Fig. i).
Here it remains

standing without change, it may be for hours, unless the egg be

fertilized or otherwise effectively stimulated. The eggs can be

obtained at Woods Hole in unlimited amounts for a period of

about two months during the summer, and as they may be taken

from the worms at any time of day they furnish ideal material.

The possibility of experimenting directly on a definite stage of

the karyokinetic figure is naturally suggested by the material

itself, and I propose to give here an account of the results of

experiments with centrifugal force, which have been carried on

during four successive seasons, so far as they are related to the

karyokinetic figure. A communication of the results was made

before the joint session of the Central Branch of the American

Society of Zoologists and Section F (Zoology) of the American

Association for the Advancement of Science held in Chicago,

December, 1907, and an abstract was printed in Science, N. S.,

Volume XXVII., pp. 907-908, June 12, 1908.

The principal advantage of this material, aside from its availa-

bility and abundance, is that it offers the rare opportunity of

experimenting on a definite and fixed stage of the karyokinetic

figure. At the stage in question the forces concerned in karyo-

kinesis have reached a certain balance which is maintained in-

definitely, until the equilibrium is upset by the conditions initiated

by entrance of the spermatozoon or some other effective change.
101
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The action of potassium chloride appears to be quite specific in

this respect, as was first discovered by Mead ('98), and since

described by Loeb ('01) and myself ('02). Such agents set in

motion the series of karyokinetic processes, which are then car-

ried through to their completion. But even violent mechanical

disturbances, such as are produced by shaking or centrifuging,

cause only temporary disturbances, and the equilibrium of the

mesophase of karyokinesis is soon reestablished. The methods
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FIG. I. Section of an egg of Chatopterus at the stage used for the experiments.
See text for description. I, karyokinetic figure; 2, central spongy area; 3, inner

dense zone
; 4, outer spongy area

; 5, ectoplasmic layer or outer dense zone.

by which the regulation, or regeneration, of the karyokinetic

figure is brought about after centrifuging appear to me to have

some bearing on the problem of the nature of the dynamical com-

plex represented by the karyokinetic figure.

Fig. i shows the typical condition of the eggs before centri-

fuging. The animal hemisphere contains a large karyokinetic

figure at the mesophase with nine chromosomes in the equatorial
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plane. The outer pole of the spindle is practically in contact

with the surface of the egg, which is slightly depressed at the

pole. The centrosome of the outer pole is smaller than that of

the inner pole. The astr?l rays cross very extensively opposite

the equatorial plane ; indeed, rays from the outer pole may extend

inward beyond the level of the inner pole, and rays of the latter

may extend nearly to the surface of the egg. In the spindle

itself, there is the usual distinction between mantle fibers attach-

ing the chromosomes to the two poles and central spindle fibers

running from pole to pole. The interfibrillar spaces are perfectly

clear. The only asymmetrical feature of the spindle is the some-

what smaller size of the outer pole and the difference in arrange-

ment of the rays at the two poles, owing to the proximity of the

outer pole to the surface of the egg.

All eggs show great uniformity, but there may be slight differ-

ences between eggs of the same lot in the following respects :

(i) In some the outer pole is not actually attached to the sur-

face so as to produce a depression, but may be removed from the

surface by a distance of about twice the diameter of the outer

centrosome. There is thus a variation in the firmness of fixation

of the spindle at the animal pole. (2) There is some variation

in the intensity, that is, in the length and strength of the astral

rays, which appear less well developed in some cases than in

others. In all cases, they cross to a considerable extent in the

equatorial plane.

The evidence that is to be presented is furnished by the results

of centrifuging the eggs at varying speeds and for various times.

To form a proper conception of what happens it is absolutely

essential to understand the effects of centrifugal force on the pro-

toplasm. In a previous paper I presented an analysis of this

subject and showed that the fundamental structure of the egg as

represented by the conformation of the ground substance is not

essentially modified by the centrifugal force
;

it is at most some-

what distorted. On the other hand, the granules suspended in

the ground substance move through the latter in a central or

distal direction, depending on their relative specific gravities, and

arrange themselves in three strata : the stratum nearest the axis

of the centrifuge is of course of least specific gravity ;
it consti-
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tutes a cap of granules of intermediate size that give a fatty reac-

tion with osmic acid and are soluble in oils. The intermediate

stratum, forming a hyaline band, contains very minute granules

that take the basic stain
; they may therefore be called basophile

granules. The distal stratum occupies the distal hemisphere of

the egg and is composed of larger granules of yellow tinge, usu-

ally called yolk granules, which take the acid stain and may be

known collectively as acidophile granules. The chromatin and

the spindle have the same specific gravity as the basophile gran-

ules, as is proved by the fact that they are found in the hyaline

band when they move freely.

The movements of the granules, and consequently their segre-

gation, are modified by differences of resistance within the ground
substance. The latter has four concentric zones (Fig. 3, A), (i)

a central more fluid area (Fig. 3, A, 2), (2) a dense zone bound-

ing the latter (Fig. 3, A, 3), (3) a second more fluid zone specially

developed in the region of the spindle (Fig. 3, A, 4), and (4) an

ectoplasmic zone defective at the outer end of the spindles (Fig.

3, A, 5) (see Lillie '09).

All zones contain both basophile and acidophile granules (Fig.

i). Under the action of centrifugal force, therefore, the granules

move relatively freely through the more fluid zones and are im-

peded in their movements in the denser zones. The consequence

is that when low centrifugal speeds of short duration are used,

there is a tendency for the granules to aggregate in the dense

zones. Thus the basophile granules of the central more fluid

area aggregate in the central end of the dense zone bounding it

(Fig. 2) and the acidophile granules in the distal end. The

basophile granules of the outer fluid zone aggregate proximally

with reference to the axis of the centrifuge and the acidophile

granules aggregate distally, and therefore lie external to the inner

dense zone and within its walls, but do not pass through the

latter to enter the central more fluid area (Fig. 2). The most

important of these aggregations with reference to the interpreta-

tion of the karyokinetic figure is the basophile cap found in the

central end of the inner dense zone (Fig. 2, b.c].

The distortion of the ground substance is of the following

character: (i) the egg is invariably somewhat elongated in the
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line of action of the centrifugal force, owing to the differential

force between centripetally and centrifugally moving granules ;

(2) the principarpart'of this elongation is born by the massive,

external, more fluid zone, which is stretched more on the centrip-

hb

FIG. 2. Section of an egg of Chatopterus centrifuged 1,150 revolutions in 31 sec-

onds at a radius of 13 cm. 2-2 indicates the direction of the centrifugal force ; 5,

ectoplasmic zone; b.c., basophile cap; g.c., gray cap, or fatty granules (dissolved

out by the oil used in preparation); h.b., hyaline band; s.a., spongy area. This

egg was stained in iron hrematoxylin and orange G.

etal side, the consequence being that the inner fluid area and its

dense bounding zone lie on the centrifugal side of the middle

point of the elongated egg (Figs. 3 and 4).

The spindle itself may be moved as a result of centrifuging.

The simplest cases are those in which the outer end remains fixed

and the inner end is swung from its radial position. This shift-

ing appears to be due to distortion of the ground substance with
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the result that the inner dense zone presses in one or another

direction on the spindle and displaces its inner end. In other

cases the spindle is moved some distance from the surface into

the hyaline band
;

this result is more commonly found with the

higher centrifugal powers.

The normal relation of the spindle to the zones of the ground

substance is illustrated in Figs. 3, A, and 4, A. The inner end of

the spindle reaches to the inner dense zone and its antipolar rays

are embedded in the latter, which is indented by the spindle. If

now the centrifugal force acts parallel to the axis of the egg with

the animal pole in a central position, the egg elongates in this

axis. If the outer end of the spindle remains attached to the sur-

face, the inner end tends to be withdrawn from the inner dense

zone, and the basophile cap formed lies outside of the area of

FIG. 3. A, diagram of zones of the ground substance in the normal egg and the

relations of the spindle. B, diagram to illustrate the effect of centrifugal force on the

ground substance and spindle acting in the direction of the arrow. I, karyokinetic

figure ; 2, central spongy area of control egg ; 2-2, direction of action of centrifugal

force ; 3, inner dense zone ; 4, outer more fluid zone
; 5, ectoplasmic zone. The

numbers "have essentially the same significance as in Fig. I ; b.c., basophile cap ; g.c. ,

gray cap; h.b.
, hyaline band.

the spindle. If, however, the inner end remains fixed, the outer

end is withdrawn from the surface, and the inner end is embedded

in the basophile cap.

If the centrifugal force acts at right angles to the axis of the

egg, the inner end of the spindle tends to be swung in a proximal

direction, (Figs. 3, A and B} both because the specific gravity of

the spindle as a whole carries it in that direction, and also because

the contraction of the egg in its own axis brings the dense zone
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nearer the animal pole and thus exerts pressure on the spindle.

Many cases of this kind are found.

If the animal pole is distal in position in the centrifuge the

spindle must be subjected to rather violent assaults : first, because

its specific gravity tends to drive it towards the opposite end of

the egg ; second, because the basophile granules are streaming

away from it and the acidophile granules rushing in, and third,

because the inner dense zone is approximated to this pole (Fig.

4, />).
I have not found any eggs with the spindle fixed at the

distal pole after centrifuging, and am therefore forced to assume

that in all cases in which the centrifugal force acts in this direc-

tion the spindle is torn loose from the surface and moves up into

the hyaline band.

1

A B
FIG. 4. A, diagram of the zones of the ground substance in the normal egg and

the relations of the spindle. B, diagram to illustrate the effect of centrifugal force

on the ground substance and spindle acting in the direction of the spindle. Num-

bers and letters as in Fig. 3.

Intermediate directions of action of the centrifugal force will

affect the protoplasm and the spindle in ways easy to deduce

from the above.

If the above analysis of the effects of centrifugal force is cor-

rect, or even partially so, we have to distinguish between those

cases in which granules are driven out of, or into, the area of the

karyokinetic figure, and those cases in which the spindle has

moved its position. It is obvious that both conditions may occur

simultaneously ; indeed, it is probable that this is almost always

the case.
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In my paper of 1906, I described and illustrated a naked

spindle with centrosomes at its ends, but practically no radia-

tions. This spindle was found in an egg that had been centri-

fuged about 2,000 revolutions in a minute at a radius of 13 cm.,

killed in picro-sulphuric acid, sectioned, and stained in Delafield's

haematoxylin. At the time, I was not paying special attention

to the question of analysis of the karyokinetic figure, and I re-

garded the case as typical.

When I repeated the experiments in the summer of 1906, with

special reference to the analysis of the karyokinetic figure, I soon

found that the condition of a naked spindle after centrifuging was

not typical ;
on the contrary, it is extremely rare and excep-

tional. Well-developed asters are the rule after centrifuging,

though they may exhibit certain asymmetries or other modifica-

tions of the normal condition. Either, then, the rays must per-

sist in spite of movements of the spindle and passage of granules

through them, or the naked spindle must have formed new

radiations.

Presumably the latter process would require time, and it there-

fore seemed possible that if special pains were taken to fix the

eggs in the shortest possible time after centrifuging, one might
find at least a considerable proportion of naked spindles. But

this also proved a vain expectation. Typically, astral radiations

are well developed after centrifuging ;
and this is the case no

matter how quickly the eggs are killed, nor whether the speed

be high or low, within the limits of the actual experiments.

I therefore considered the possibility of fixing the eggs during

the action of the centrifugal force, but I did not see clearly how

to compass this end and so the experiment was never performed.

I. MOVEMENTS OF THE SPINDLE.

Every case in which it can be demonstrated that the spindle

has moved through the cytoplasm furnishes a test between

mitome and centrosome hypotheses. If the visible rays are

organic radii attached to the poles of the spindle (mitome hy-

pothesis), they must be disarranged by each movement of the latter,

and movements of the spindle at different angles to its own axis

must produce different characteristic modifications of the rays of
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the aster. If the spindle moves in the direction of its own axis, for

instance, the rays of the forward aster must tend to be bent back

about the spindle, and those of the other aster away from the

axis. Similarly, there should be definite configurations charac-

teristic of every angle and amplitude of movement. But, if the

rays are expressions of forces centered at the poles and are there-

fore composed of oriented particles (centrosome hypothesis), such

disarrangement of the radii would not be expected to result from

movements of the spindle, except to the extent involved in the

inertia of the substances concerned.

In a considerable number of experiments it was my aim to

kill the eggs in the shortest possible time after centrifuging.

The tube was removed from the centrifuge as quickly as pos-

sible, the water poured off and the killing fluid poured on imme-

diately. Therefore, in two or three seconds after the centrifugal

force had ceased to act the eggs were submitted to the action of

the killing fluid. Such eggs were sectioned and stained.

The cases that interest us most here are those in which the

spindle is found detached from the surface, because it is obvious

that such spindles have been moved from their original position :

The entire karyokinetic figure in such cases may be perfectly

symmetrical if it is found in protoplasm of uniform composition.

But differences in the composition of the protoplasm within the

area of the karyokinetic figure are correlated with asymmetries
of the figure itself which are considered beyond. If the outer

pole of the spindle is withdrawn from the surface it is found to

possess well-developed antipolar rays, although these were en-

tirely wanting before centrifuging (cf. Fig. 5),
and the astral rays

are symmetrical around both poles, although
"
organic radii

'

would naturally be distorted by such displacement of the " cen-

ters of insertion" as is illustrated in Fig. 5. It appears to me
that the astral radiations in such cases must be regarded as new.

The case is of course analogous to the shifting of sperm asters

in fertilization. In the present case, however, we know the time

of readjustment to be very short, one minute at the outside, and

the initial and reconstructed conditions are before us for com-

parison (cf. Figs, i and 5).

Similar cases, are numerous in eggs that have been submitted
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to a very strong centrifugal force, 7,500 revolutions in one minute

at a radius of 6 cm., because the end effect of such centrifuging

is to produce a uniform arrangement of basophile granules in the

hyaline band, into which the spindle also is driven. We there-

FIG. 5. Section of an egg of Chirtopterus centrifuged 1,150 revolutions in 31 sec-

onds at a radius of 13 cm. i-i, primary axis of the egg ; 2-2, direction of action of

the centrifugal force, secondary axis; b.c., basophile cap;^.^., gray cap; h.b.,

hyaline band ; s.a., spongy area. The egg was stained in thionin and orange G.

fore never find such particomposition spindles as in low powers of

the centrifuge (see beyond). The karyokinetic figure is usually

symmetrically developed after the strongest centrifuging in spite

of the fact that rearrangements of granules are more extensive

than with lower centrifugal powers. The reason for this must

lie in the uniform character of the protoplasm, which is produced
in the hyaline band by strong centrifuging.
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A single example of this kind would not be convincing in

itself, for it might be maintained that the egg in question deviated

originally from the norm of the control eggs. But when such a

FIG. 6. Section of an egg of Chatopterus centrifuged 7,800 revolutions in one

minute at a radius of 6 cm. The egg was killed in Flemming's fluid, and the fat

granules of the gray cap are stained black. The spindle blocks fat granules passing

in a centripetal direction
( /"). I-I, primary axis of the egg ; 2-2, secondary axis ;

ec., ectoplasmic spherules; en., endoplasmic spherules; _/".,
fat granules blocked by

the spindle; g.c., gray cap ; h.b., hyaline band.

Condition is found to be the type of hundreds of eggs in different

experiments with no considerable deviations, as is the case in my
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experiments, it becomes a conclusive argument for the re-forma-

tion of rays in successive positions of the spindle, a condition that

can be explained only on the centrosome hypothesis.

Among the numerous cases we find some in which the anti-

polar rays are very slightly developed at both ends
;
and various

intergrading conditions that seem to indicate stages in the forma-

tion of new rays.

In the case of eggs submitted to low centrifugal force an

occasional karyokinetic figure is found with distorted astral rays.

But such a condition must occur as a transition stage in every

case of spindle movement on the centrosome hypothesis, because

of the mere viscosity of the medium and the inertia of the oriented

particles. The occurrence of such conditions is therefore to be

expected, and does not furnish any argument against the center

of force hypothesis.

2. MOVEMENTS OF GRANULES INTO THE AREA OF THE KARYO-

KINETIC FIGURE.

The three classes of granules, basophile, acidophile, and fat,

may be moved into the area of the karyokinetic figure. As a

general proposition we may say that fatty or acidophile granules

driven into the area of an aster tend to destroy the radiations and

are not themselves arranged in lines. If forced into the spindle

itself, they tend to disarrange its fibers. On the other hand,

basophile granules that are driven into the area of the asters or

spindle do not, apparently, destroy the existing rays or fibers,

and are themselves arranged conformably to the lines of the

figure.

A. We need not dwell long on the statement concerning fatty

and acidophile granules. It is sufficiently supported by Figs.

5 and 6 as regards the asters. No traces of rays "are left in in-

vaded areas of the asters except that the scanty basophile gran-

ules between the fatty or acidophile granules may show a slight

radiate tendency centered at the poles of the spindle. There are

no detached rays, no traces of broken down threads
;
the periph-

eral ends of rays of invaded areas always disappear absolutely.

Serious disarrangement of the fibers of the spindle is found if

fatty or acidophile granules are driven into it. Such cases are
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relatively rare, but the disarrangement may be much more con-

siderable than in the case illustrated (Fig. 7). The ends of the

spindle may be much spread out and the chromosomes may be

turned around at right angles to their ndrmal orientation.

B. The effect of the introduction of basophile granules into the

area of the karyokinetic figure is, however, entirely different.

They cause no disarrangement, but appear to become oriented

like the rays of the aster, or the fibers of the spindle. The evi-

m&,
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FIG. 7. Section of an egg of Chcetopterus centrifuged 2,300 revolutions in 7

seconds at a. radius of 13 cm. Killed in Flemming's fluid. The figure represents

the centripetal half of the egg. Fat granules have entered the spindle and destroyed

part of its structure.

dence for this conclusion is based on the behavior of the dense

aggregation of the basophile granules found in the central end of

the inner dense zone after the action of low centrifugal powers,
i. e.

t
of the basophile cap (Figs. 2, $8, and 4/>).

The heavy stain of the basophile cap lies entirely in the gran-

ules, not at all in the ground substance. It is true that the

ground substance between the granules appears darker in the

basophile cap than elsewhere, but this is an effect due to the light

passing through basophile granules at a lower focus. In thin

sections it is not evident at all. The conclusion is really proved

by the fact that such an effect is seen only in the basophile cap,

and that this may lie in any part of the wall of the dense zone,

depending on the direction of action of the centrifugal force.

i. Let us note first that the granules that compose the baso-

phile cap have a uniform distribution when remote from the
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spindle (Fig. 2). What happens when they are driven into the

area of the karyokinetic figure ? A few examples will illustrate :

The egg shown in Fig. 8 was allowed to stand in sea-water

about 35 minutes, then centrifuged 1,150 revolutions in 31 sec-

onds at a radius of 13 cm. and killed as rapidly as possible in

picro-acetic acid. It was one of a large number. Sections were

cut 6
fjt

thick and stained in iron haematoxylin and orange G.

FIG. 8. Section of an egg of Chatopterus centrifuged 1,150 revolutions in 31 sec-

onds at a radius of 13 cm. Half of the karyokinetic figure lies in the basophile cap..

See text for further description.

All the sections of this egg are present on the slide. The figure

represents a single section which includes practically the entire

spindle and all nine chromosomes. The plane of the section was

nearly transverse to the axis of stratification and is approximately

tangential to the basophile cap ;
but on the right side the sec-

tion passes nearer to the distal pole than on the left side and

therefore takes in a good deal of the distal acidophile stratum on

this side, while on the left side the section is confined to the
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hyaline band. The granules of the ectoplasmic layer are ap-

parently unaffected by the centrifugal force. The karyokinetic

figure has been moved little, if at all, as is proved by the fact

that there is an indentation opposite the outer pole, and by the

relation of the ectoplasmic layer which exhibits the character-

istic defect around the outer pole of the spindle, which I described

in my first paper.

That portion of the karyokinetic figure lying within the baso-

phile cap partakes of its character, and is as sharply differenti-

ated from the remainder of the figure as the basophile cap itself

is differentiated from the protoplasm of the hyaline band. As to

the fiature of these differences: (i) the stain is much darker

within the basophile cap ; (2) the rays of the aster are more

FIG. 9. Transverse section of parti-composition spindle. From section of an egg
of Chirtopterus centrifuged 1,150 revolutions in 31 seconds at a radius of 13 cm.

Half of the section of the spindle lies in the basophile cap. See text for further

description.

numerous than in the control (Fig. i) and also more granular;

they are in fact obviously made up of linear arrangements of

basophile granules ; (3) the spindle itself is more darkly stained

within the basophile cap than outside of it
;

this pertains to the

fibers themselves, but I would not venture to say that the fibers

are more numerous.

Where a fiber either of the spindle or of the aster crosses the

boundary between the basophile cap and the hyaline zone its

character changes. Rays of the aster never extend into a compact
mass of acidophile granules, hence the present figure is less

developed on the right side than on the left.

Fig. 5 represents a spindle placed tangentially to the basophile

cap. The contour of the spindle is perfectly regular, but its
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composition is heterogeneous. For the rest, exactly the same

principles apply as in Fig. 8, except that astral rays are not very

numerous in the basophile cap ;
this is due to the fact that the

section is near the margin of the cap and contains therefore a

large proportion of acidophile granules.

Fig. 9 finally is a transverse section across a spindle lying

partly in and parti)'- out of a very dense basophile cap. It is

obvious that the spindle area has been invaded on one side by

the basophile granules. These are in fact so numerous and are

stained so deeply that they almost conceal the chromosomes

embedded in them. The concentration of the granules within

the spindle area is thus extremely different on the two sides, but

on each side it is precisely the same as in the neighboring

cytoplasm.

These cases are typical of a large number in my preparations.

It is obvious that there is a great difference in the fatty and acido-

phile granules on the one hand and the basophile granules on

the other, with reference to their effect on the karyokinetic figure.

The former efface any part of the figure which they occupy, the

latter are arranged conformably to the lines of the figure. This

difference is not conceivably a mere question of size, it is rather

a question of specific behavior. The basophile granules behave

as though they were within effective range of centers of force to

which they are permeable ;
the fatty and acidophile granules on

the other hand behave as impermeable particles would behave in

such a field.

It is worth while to examine this idea more carefully because

the center of force hypothesis alone can render account of the

results of these experiments. Theoretically, on a center of force

hypothesis the following results might be expected : (l) That

the number of radiations from the center would be a factor of

the density of aggregation of the more permeable particles ;
if the

number of permeable particles within the effective area were

greatly increased the number of rays should therefore become

greater. (2) The number of oriented particles in the same length

of any ray should also be a factor of the density of aggregation

of the permeable particles.

We would therefore expect on the center of force hypothesis
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of the karyokinetic figure that, if the basophile granules are per-

meable to the force, (i) they would be oriented along the lines

of force when driven into the area of the karyokinetic figure ; (2)

that the number of rays in an unusually dense aggregation of

basophile particles would be greater than usual and (3) that the

number of oriented particles in each ray in such cases would be

greater than usual.

These appear to be the conditions found in my experiments.

With reference to the first condition, there can be no question that

the basophile granules arrange themselves conformably to the

lines of the karyokinetic figure, as already noted. With reference

to the number of astral rays one obtains a strong subjective im-

pression that they are more numerous in the basophile cap than

in the asters of control eggs, and I have attempted to confirm this

by actual counts. To do this it is necessary to divide the aster

into sectors for comparison, for the reason that asters lying en-

tirely within the basophile cap do not occur, owing to the form

of the basophile cap. I have therefore made comparisons be-

tween sectors of 90 of the normal aster and asters of the baso-

phile cap. One has further to restrict the count by limiting it to

a single focus of the microscope. Under these conditions I

found an average of 8 rays to the 90 sector of the normal aster

(eighteen counts) and 12.5 in 90 sectors of asters in the baso-

phile cap (six counts). The difference seems too great to be ac-

counted for by error. The counts confirm the impression that

one receives by mere comparison. I do not think that such in-

crease of the number of rays in a sector of the aster could be

explained by compression of preexisting rays from other sectors

of the same aster, for they are quite uniformly spaced and are as

straight and regular as the normal rays.

As regards the third condition : rays within the basophile cap

stain more strongly than those without
;
but as the stain is held

by the granules, this would be evidence for a greater number of

granules in the rays. A ray that passes out of the basophile cap

loses suddenly in intensity of staining (Fig. 8).

The spindle is decidedly denser than the surrounding proto-

plasm ;
this has been noted by several investigators (cf.

Foot

and Strobell (p. 221), and McClendon). The same thing is
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shown by some of the phenomena of centrifuged eggs ; when,

for instance, the direction of centrifugal force is at right angles to

the axis of the spindle, granules must stream by it. Now if the

density of the spindle area be no more than that of the surround-

ing ground substance and if there be no repellent force from the

spindle, such granules would pass through the spindle readily.

But on the contrary they are blocked by the spindle, and heap

up against it. Fig. 6 illustrates this condition. The accumula-

tion of granules on the distal side of the spindle is fatty in char-

acter, at least the granules are blackened by Flemming's fluid

which was used for killing, and they are the same in character as

those accumulated at the proximal pole. A pathway of such

granules runs from the pole of the spindle towards the proximal

accumulation, rendering the interpretation certain. We can

readily believe, therefore, that the relatively dense spindle moves

as a unit through the protoplasm. If, then, it be thrown into the

basophile cap, it will naturally tend to maintain its character
;

many such cases are in fact found. In other cases, the part of

the spindle within the basophile cap is partly changed, partly un-

changed ;
but in very many cases the part within the cap is com-

pletely changed, so that the staining reaction of the spindle agrees

with that of the cap.

Whether we consider the movements of the karyokinetic figure

produced within the egg by centrifuging, or whether we consider

the results of driving granules into the area of the karyokinetic

figure, the general conclusion that the poles of the spindles are

centers of force appears to me to be inevitable
;
no system of

antagonistic fibrillse could behave in such a way. The difficulties

that the centrosome hypothesis has to meet are well known, and

their discussion does not enter within the scope of this contribu-

tion, which is in a sense a by-product of another problem. I

shall therefore be satisfied merely to present the evidence and to

indicate the direction in which it appears to point.

In the development of the karyokinetic figure, the rays or

fibers appear to grow out of the centers up to the time of the

mesophase at least, and this must be due to increasing power of

the centers. In a magnetic model on the other hand the orienta-

tion of particles along the lines of force takes place simultane-
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ously by segregation along their entire course (Hartog, '05).

Now my experiments give conditions quite similar to magnetic
models in this respect, for the reason that the centers displaced

at the mesophase are in the condition of maximum force.

The fact that the experiments deal only with this stage of the

karyokinetic figure limits the results in ways that I fully realize.

But this is more than compensated by the advantage of knowing
the precise stage of the karyokinetic figure with which the opera-

tions deal. The attempts to obtain comparable results at other

stages have been unsatisfactory, because any other stage is in

motion and the control eggs vary so much that interpretation of

results becomes very uncertain.
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THE SPERMATOGENESIS OF AGALENA NyEVIA.

LOUISE B. WALLACE.

INTRODUCTION.

A study of the spermatogenesis of the Araneina offers a field

of unusual interest to the investigator not only because of the

seemingly aberrant form of the mature sperm cells but also be-

cause of the presence of conspicuous accessory chromosomes in

many species. One needs only to read over the list of subjects

in recent cytological literature to realize how much interest is at

present centered upon the development of the germ cells as a

whole and especially upon certain chromosomes which behave

peculiarly and which are designated by various names-- " chro-

mosomes speciaux
"

(de Sinety),
" Chromatin nuceolus

"
and

" heterochromosome '

(Montgomery), "small chromosome"

(Paulmier), "accessory chromosome" (McClung),
" idiochro-

mosome,"
" macrochromosome "

and " microchromosome" (Wil-

son). Nearly two decades ago, Henking ('90) in his work upon

Pyrrhocoris, discovered and described a chromatin element which

took part in only one of the spermatocytic divisions and there-

fore caused dimorphism of the spermatozoa but he did not appar-

ently see the relation between this element and the chromatin

nucleoli of the resting stage nor did he offer any suggestion as to

its significance. Since the publication of Henking's work, scores

of papers on insect spermatogenesis have appeared but as excel-

lent reviews of this literature have already been given more than

once, it seems superfluous to review it here. Suffice it to say
that it is now a well-established fact that among the Hemiptera,
at least, dimorphism of the spermatozoa is the rule and further-

more that the dimorphism is due to the unequal distribution of the

heterochromosomes or to their being of unequal size. In the

myriapods, also, Blackman ('or, '03, '05) has found the same

dimorphism of the spermatozoa.

1 Thesis presented to the faculty of the Graduate School of the University of Penn-

sylvania in partial fulfilment of the requirements for the degree of Ph.D.

120
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Outside of the insects and myriapods, heterochromosomes have

been reported in the Araneina only and as yet this unusually

beautiful and interesting material has not only been comparatively

neglected, but there has been marked discrepancy in the results

of the few who have worked upon it. So far as I know, the only

published work upon the development of the male germ cells of

spiders which has been done under sufficiently modern methods

of technique to be of value to us here is that of Wagner in 1896,

myself in 1900, Montgomery, Bosenberg and myself in 1905

and Berry in 1906. With the hope of harmonizing the results

of the above-mentioned authors and of correcting and expanding

my own earlier results the present work was undertaken. It has

seemed best to use the common tube-weaving spider, Agalena

n&via, again as the basis of investigation, although a number of

genera have been studied in order to illustrate some points.

While my former conclusions in regard to the behavior of the

ordinary chromosomes are now only verified and strengthened,

those upon the distribution of the accessory chromosomes and

upon the nature of the degenerating cells need considerable re-

vision. After a careful reading of the literature on the subject

and after an examination of testes in various genera, I am con-

vinced that before long generalizations can be made in spider

spermatogenesis and that contradictions are mainly due to differ-

ences in observations and interpretations ;
not to radical differ-

ences existing in the developmental history of the germ cells

themselves.

My investigations were carried on in the Zoological Laboratory

of the University of Pennsylvania and it gives me pleasure to

warmly express my indebtedness to Professor Conklin for the

kind interest with which he has followed the progress of my work

and his helpful suggestions and encouragement.

MATERIAL.

Most of my material was collected in the state of Massachusetts

Where the breeding season of Agalena does not begin, usually,

until the last week of August and continues until late in Sep-

tember. In mid-summer the testes are largely made up of pri-

mary spermatocytes in the growth period while in May and the
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early part of June they consist mainly of spermatogonia. In

Philadelphia the breeding season occurs a week or two earlier

than it does in Massachusetts. Late in the fall the male spiders

are fewer in number than the female spiders owing to the fact

that they are more often overcome and eaten by their mates.

Most of the adult spiders perish at the approach of cold weather.

The testes are translucent, slightly convoluted tubular organs

and can be easily seen as they lie inbedded in the voluminous,

brown liver which in mature specimens occupies the greater part

of the abdominal cavity. In very young spiders, however, it is

often difficult to distinguish the testes from the whitish, tubular

spinning-glands lying beneath them. In Agalcna it is a com-

paratively simple matter to determine the sequence of stages in

the development of the germ cells as in cross-sections of the

testes the least mature cells are always at the periphery, and they

increase in maturity toward the lumen. Sometimes in a single

cross-section can be found spermatogonia, spermatocytes, sperma-

tids and mature spermatozoa. In the height of the breeding

season the lumen and the ducts are filled with quantities of ripe

spermatozoa and degenerating cells. As was first discovered by

Menge ('43), the male spider has the peculiar habit of spinning a

small, delicate web and depositing upon it a minute drop of

seminal fluid which is then taken up into the fine, coiled tubes of

the pedipalps preparatory to its introduction into the receptaculum

seminis of the female. This process can readily be observed if

spiders be kept in captivity during the breeding season and Mont-

gomery ('03) has given a detailed description of it in a number

of genera. By teasing out the contents of the storing-organs of

the pedipalps one can obtain an abundance of spermatozoa which

are sure to be mature.

METHOD.

The spiders were beheaded and the testes dissected out in the

killing fluid. This method renders easy their removal from the

body and insures rapidity of fixation. Among the various fixing

fluids used were Zenker's fluid, Gilson's mercuro-nitric, Gilson's

acetic alcohyl with sublimate, Hermann's fluid and Flemming's

fluid, strong solution. Flemming's fluid gave slightly better

results than Hermann's and both of these fluids gave vastly better
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preparations than the others mentioned although all were useful

in some ways.

Ripe spermatozoa from the pedipalps were smeared on a glass

slide and well fixed by heating at the boiling point. Smear prepa-

rations, after the method of Foot and Strobell, proved of value

for the mature sperm cells but were disappointing for the earlier

stages. This may be due to the fact that the chromosomes are

large and numerous and even when the nucleus is spread out in

an extremely thin film, they become so heaped up upon one

another that it is not possible to count them accurately. If smear

preparations be compared with those treated with fixing fluids, it

is evident that the latter cause considerable shrinkage ;
and tissues

fixed in Flemming's fluid for a few hours show less shrinkage

than those fixed for fifty hours or more but the latter method

brings out strongly the centrosomes and spindle fibers.

Heidenhain's iron-haematoxylin has been chiefly relied upon
for staining as it gave the finest results in almost every particular

but beautiful preparations were also obtained with Hermann's

triple stain. Every one grants that the different reactions to

staining reagents are no safe criterion in the endeavor to differen-

tiate nuclear elements, since the same structures do not always

stain in the same way during the various phases of development.

Nevertheless color-differentiation is often helpful and this is

especially true when dealing with the accessory chromosomes.

Their whole history can be made out clearly in iron-haematoxylin

preparations but when Hermann's triple stain is used, their affinity

for the safranin at times when the ordinary chromosomes or the

chromatin granules take the violet, makes them stand out in a

striking manner.

OBSERVATIONS.

Spennatogonia.

In young spiders, early in the summer, the testes are wholly

made up of spermatogonia and, unlike most forms, these cells in

mitosis are almost equal in size to the spermatocytes of the growth

period. In the metaphase the rod-shaped chromosomes are so

numerous, probably fifty or more, and so closely packed together,

that in polar views it is impossible to make even an approxi-
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mately accurate count of them (Figs, i and 2). It was also not

found possible to identify at this stage the accessory chromosomes

among the other rod-shaped chromosomes. The centrosomes

are quite distinct and the spindle fibers have a tendency to bulge

out, forming a spindle with convex sides. This is probably owing
to the large size of the chromosomes and to the large number

of fibers which must be accommodated between the centrosomes

and the equatorial plate. In division the rods split longitudinally

and the resultant halves move toward the opposite poles. In

anaphase two pairs of daughter chromosomes appear distinct from

the others both on account of their large size and because they
are slower in passing to the poles (Figs. 3 and 4). While this

might well be looked upon as simply a case of retarded division,

in the light of what follows it seems probable that they are the

accessory chromosomes which have the form of a pair of rods

throughout the greater part of their subsequent history. In

telophase the ordinary chromosomes gradually become granular

but their identity is still traceable in the loose, irregular masses

scattered through the nuclear cavity. These masses stain but

faintly, and in iron-haematoxylin preparations, when the extrac-

tion of the dye has not been carried further than usual, they are

nearly colorless. The accessory chromosomes, on the other

hand, retain the rod-like form and lie near the periphery of the

nucleus.

Spermatocytes.

In Fig. 5 is shown the early prophase of the primary sperma-

tocyte in which the chromatin masses are becoming looser, more

granular, until finally the processes of adjacent ones meet on the

threads of the linin reticulum. The nucleus swells with the

accumulation of nuclear sap and at the same time the cytoplasm
is reduced to a rather thin layer around the swollen nucleus.

The accessory chromosomes lose their rod-like form and appear
as two densely staining, chromatin nucleoli often lying at some

distance apart (Fig. 6). Later these two chromatin nucleoli

approach one another and finally unite to form a single, large,

irregular mass which is a conspicuous body in the resting stage

(Fig. 7). This is followed by the contraction stage when the

whole cell is noticeably reduced in size and the nuclear contents.
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are contracted away from the membrane. At this time the

nucleus stains so deeply that only after long extraction can any-

thing be learned of its structure and even then one can merely

say that the chromatin appears to be in the form of a dense

reticulum. It is apparently at this stage that synapsis occurs,

reducing the number of chromosomes to half the spermatogonial

number. The large, chromatin nucleolus of the resting stage

has again resolved itself into two peripherally placed rods shown

in longitudinal and cross sections (Figs. 8 and 9). At the close

of the contraction stage the growth period is introduced by an

evident increase in the size of the cell and the nucleus. As the

nuclear elements become spread out in the enlarging cavity it is

comparatively easy to see in what condition they are. The

chromatin is now in the form of irregular granules distributed

along the delicate loops of the spireme. The loops are long

and often twisted or bent, so that their number was not de-

termined nor could I ascertain whether or not the spireme

is continuous but taking what evidence one can gather from

this stage, together with a study of a slightly later stage, it

seems probable that the loops are distinct from each other and

that the segments of the spireme are in the reduced number

(Figs. 10 and 11). Later the nucleus enlarges still more, allow-

ing the loops to stretch out fully and it is now clear that the

spireme is segmented, the free ends of the loops all being directed

toward one side of the nucleus (Fig. 12). The linin thread is

delicate, at first, and the chromomeres undivided, but later a split

runs throughout the length of each loop, dividing the chromo-

meres equally. Sometimes the latter appear as large after the split-

ting as before but this is readily explained when one considers

that meanwhile the loops have shortened and so have crowded

the chromomeres into larger groups. At first glance the acces-

sory chromosomes, on account of their great staining capacity,

appear to have maintained their peripheral position but careful

focusing reveals the fact that they are now completely sur-

rounded by the spireme loops (Fig. 13). A cross-section of the

same stage is shown in Fig. 14. Although the accessory chro-

mosomes have moved to a more central position in the nuclear

cavity, their outer ends are still near the membrane and are
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always directed toward that part of the cell which contains the

greatest amount of cytoplasm and in which the centrosome lies.

This pole has been called by Montgomery the distal pole. The

closed ends of the spireme loops are directed toward the opposite

or central pole. The same relative position of the loops, the

accessory chromosomes and the centrosome is retained through-

out the growth period and gives striking evidence of cell polarity.

At a slightly later stage the accessory chromosomes seem to be

simulating the structure of the spireme to a limited degree.

They temporarily lose their compact form, become distinctly

granular and extend in length over about two thirds of the

diameter of the nucleus (Fig. 15). Gradually they shorten

again and conjugate side by side, the union usually first taking

place at the end directed toward the central pole and progressing

toward the distal pole (Fig. 16). Cases are found in which the

union begins simultaneously at the two extremities, giving a

ring-like form. After the union is completed they appear as a

single mass when viewed either in longitudinal or cross section

(Figs. 17 and 18). Whether in this conjugation a complete

fusion of the two elements occurs or whether it is merely a close

approximation, I am unable to say, but soon the single mass is

again split into the two characteristic rods.

When the longitudinal split in the spireme has reached its

widest extent, some of the loops still extend nearly across the

nuclear cavity but later they begin to draw down toward the

distal pole. As the shortening continues, the longitudinal split

becomes less and less evident but indications of it can be detected

at a late stage. Judging also from the subsequent history I believe

that the split persists, being merely lost sight of in the close

approximation of the two moieties during the process of contrac-

tion (Figs. 19-21). In the late prophase, the loops of the spireme

not only shorten but bend to an acute angle to form V-shaped
chromosomes which then open out into double V's (Fig. 22).

The chromatin of these is in a more or less granular condition

and leaving their former position at the distal pole they are dis-

tributed through the nuclear cavity. The rod-like accessory

chromosomes remain unchanged both in form and in position.

Soon the nuclear membrane disappears, the ordinary chromo-
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somes, having reached their definitive form, become more com-

pact and densely staining and spindle fibers appear (Fig. 23). In

metaphase all of the double V's are drawn into the equatorial

plate and the plane of division passes through the center of each,

giving rise to single V's which are carried to the opposite poles.

The accessory chromosomes lie at the periphery of the equatorial

plate and are connected by spindle fibers to one pole only, a

single fiber passing from the centrosome to each of the two rods.

In the succeeding division they pass into but one of the two

daughter cells, so that we find half of the secondary spermato-

cytes with accessory chromosomes and half without them (Figs.

24-26). Those containing the accessory chromosomes might
be called " favored cells

"
(" bevorzugten zellen ") as suggested

by Henking. In polar views of the telophase several sections

were found in which each of the two accessory chromosomes

showed a distinct longitudinal split a precocious splitting

which is of interest as foreshadowing the division which occurs

in the following mitosis (Fig. 27).

While the arms of the V-shaped chromosomes are elongating

and becoming sinuous or twisted in outline, a conspicuous cell-

plate forms and the constriction of the cell body grows deeper

(Fig. 28). Since the chromosomes are long and twisted at this

stage it is plain that even in fairly thin sections there might occur

more than one section of a single chromosome and therefore little

dependence could be placed upon the number counted in succes-

sive sections of the same nucleus. Figures 29 and 30 show the

next stage with the accessory chromosomes in longitudinal and

cross section respectively. The nuclear membrane has formed,

the chromosomes are resolved into granules distributed on the

nuclear reticulum and complete division of the cell body gives rise

to two daughter cells, the secondary spermatocytes. Even at a

very late stage of this process remains of the interzonal fibers,

with the cell-plate, are conspicuous. In the late prophase of the

secondary spermatocytes there arises from the preceding resting-

stage a number of slender, twisted chromosomes closely resem-

bling those which entered the resting stage and not infrequently

the accessory chromosomes show a precocious, longitudinal split

(Fig. 31). As the ordinary chromosomes are drawn into the
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equatorial plate prior to the second maturation division, their

V-shape becomes evident. The apex of the V is the point of

attachment of the spindle fibers, and the free, sinuous arms ex-

tend in various directions away from the spindle axis, giving a

bushy appearance to the mitotic figure (Fig. 32).

On account of this arrangement of the ordinary chromosomes

it is now extremely difficult to identify the accessory chromo-

somes. Also the fact that they are present in only half of the

secondary spermatocytes lessens the chances of finding sections

cut in a favorable plane for their identification. In spite of these

disadvantages they can in some cases be clearly seen at the

equator of the spindle where they lie near together and at right

angles to the spindle axis. Sometimes indications of the longi-

tudinal split can be detected (Fig. 33).

The arms of the V-shaped chromosomes shorten and thicken

while they also become straight and densely staining. The plane

of division passes through the apex of the V's and the rod-like

arms move to the opposite poles. The accessory chromosomes

divide along the line of the longitudinal split and their resultant

halves pass to the opposite poles a little more slowly than the

ordinary chromosomes. They are also distinguishable by their

larger size. It is now apparent that one half of the spermatids

will be " favored cells," containing two accessory chromosomes,
while the other half will not be favored (Figs. 34-39). In polar

views of the anaphase attempts were made to determine the

chromosomal number but after the utmost care I can give only

the probable number. In the majority of cases twenty-five

chromosomes were counted (Fig. 37), and their straight, rod-like

form makes it improbable that any of them were counted twice.

Occasionally twenty-four, twenty-six or twenty-seven were

counted, all of them appearing to be ordinary chromosomes. It

seems now as if the reduced number must be at least twenty-five,

instead of nineteen as given in my previous paper. In telophase,-

before the nuclear membrane forms, the ordinary chromosomes

again become slightly sinuous in outline. The daughter cells

must often move through a considerable arc in the process of

separating, as sections are found showing two cells not yet com-

pletely seperated and at the same time showing approximately
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polar views of their respective chromosomes all in one plane.

The accessory chromosomes appear thick and heavy at this stage

(Figs. 40 and 41). Later the ordinary chromosomes are lost to

view in the chromatin reticulum and give rise to the resting

nuclei of the spermatids.

Transformation of the Spermatids,

One marked characteristic of the spermatids is that complete

separation of sister cells is long deferred and in the early stages

the cell-plate and interzonal fibers are conspicuous in the cyto-

plasmic neck connecting the two cells (Figs. 42 and 43). Near

the cell periphery lies the centrosome from which an extracellu-

lar axial filament has grown out and this filament bears at the

center and at the tip a transparent vesicle which stains deeply in

iron-hrematoxylin. The accessory chromosomes always lie near

the distal pole of the nucleus with their outer ends turned to-

ward the centrosome, so that here again we have the cell-polarity

as beautifully shown as it is in the spireme stage. This ability

to orient the cell brings to light the fact, already referred to,

that sister spermatids must often undergo considerable rotation

when they are drawing apart. In Figs. 44 and 45 the inter-

zonal fibers have apparently disappeared but in all probability

they give rise to the idiozome as claimed by Bosenberg ('05). At
the center of the cytoplasmic neck connecting sister spermatids
there is frequently a more or less evident enlargement which is

of sufficiently general occurrence to deserve mention and in its

center one finds the persistent mid-body (Zwischenkorper) even

at a late stage (Figs. 46-51). This enlarged portion of the neck

was called by Wagner the "connecting-body."
The nucleus now takes a form which bears a strong resem-

blance to the contraction phase of the growth period and were

it not that it is of general occurrence in beautifully fixed material,

it might be thought due to the harmful action of the fixing fluid.

The chromatin reticulum contracts toward the distal pole of the

nucleus into a mass which stains intensely, while the greater part

of the nuclear cavity is left empty or is filled with nuclear sap.

The accessory chromosomes lie in a distinct vesicle or at least in

a clear space which gives them prominence and although they
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are closely pressed together the double nature of this nucleolus-

like mass is easily demonstrated after long extraction in iron-

alum (Figs. 46 and 47). As to what happens during this proc-
ess of contraction I am wholly in the dark but later the nuclear

cavity is fully occupied by a delicate reticulum upon which the

chromatin granules are distributed in such a finely divided con-

dition that they show very slight affinity for staining reagents

(Fig. 48). The centrosome has divided into a proximal and dis-

tal portion and the proximal centrosome has moved some dis-

tance over the nucleus or has possibly entered into its interior.

During its passage it gives rise to an intra-cellular filament which

connects the proximal and distal centrosomes. The extra-

cellular axial filament is now larger and its vesicles have in-

creased noticeably in size. The accessory chromosomes are no

longer inclosed in a vesicle but unite side by side into a single,

elongated rod which leaves its former position at the distal pole
and travels to the central pole in a line nearly or quite parallel

with the cell-axis (Fig. 49). Following this stage the nucleus

changes in outline, becoming somewhat pear-shaped and the

proximal centrosome, which has become large and irregular in

form, has passed over about one half of the length of the

nucleus. The chromatin shows a tendency to collect at one

side of the nucleus to form the chromatin plate. In half of the

spermatids the fused or nearly fused accessory chromosomes

occupy the center of the chromatin plate, extending from the

central to the distal pole of the nucleus, or, in other words,

from the anterior to the posterior end of the rapidly forming

spermatozoon head (Figs. 50 and 51). The chromatin plate in-

creases in size until all of the chromatin reticulum is involved
;.

the whole nucleus becomes much longer than broad with theo
extremities slightly curved. The sister spermatids now separate

completely, the rupture occurring on each side of the " connect-

ing-body" when it is present. Figure 53 shows a somewhat

later stage where the transformation is complete. The pear-

shaped nucleus of the spermatid has been transformed into the

crescent-shaped head of the spermatozoon and the chromatin is

so compact that the whole head has a dark, grayish hue after

long extraction in iron-alum. Even at this late stage the
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dimorphism of the spermatozoa is not concealed, for in half of

them can be seen a slender, darkly stained band extending along

the middle of the convex surface of the head, from the anterior

to the posterior end, although it fades out often near the hinder

extremity. This chromatic band represents the fused and some-

what modified accessory chromosomes whose distribution to but

one half of the spermatozoa divides them into two distinct groups

(Figs. 53 and 54).

In the mature spermatozoon the distal centrosome is no more

in evidence, the axial filament has increased in length and its

vesicles have disappeared. Whether or not the vesicles con-

tribute their substance to the axial filament as it grows in length

and whether or not the latter is supplied with a cytoplasmic in-

vestment, I am unable to say. The proximal centrosome forms

a slight projection on the lower side of the head and probably

corresponds to the end-knob of other forms. Wagner described

it as a "
little tooth

" which lies at the point where the axial fila-

ment joins the chromatin plate and Bosenberg regards it as the

middle piece, or rather as the "
connecting piece," the former

term not being applicable in the case of the spider spermatozoon.

At the anterior end of the head is a transparent, apparently

cylindrical body which in Lycosa, according to Bosenberg, is

derived from the idiozome vesicle. Forming an axis in this apical

body is a distinct fiber or filament which projects beyond the

apical body and bears a deeply staining granule at its extremity.

I cannot state positively the origin of the apical granule or of the

filament which bears it but in some preparations, after long ex-

traction, there is seen what appears to be a delicate filament

passing from the end-knob, through the anterior portion of the

head, and becoming continuous with the filament in the apical

body. The distinctness of the filament within the head is exag-

gerated in the figures.

The spermatozoon now works itself free from the cell-body,

the anterior end of the head protruding first. The escape is

probably effected by the contractions of the head itself. Even

after the posterior end of the head has entirely lost its connection

with the cell-body, the spermatozoon is not yet ready to pass into

the lumen of the testis (Fig. 55). First there occurs a very
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perceptible decrease in size through a closer and closer crowding
of the chromatin granules which compose the head and through
contraction of the nuclear membrane which incloses them. As
the contraction progresses the staining capacity diminishes, in

iron-haematoxylin preparations, and the spermatozoon head has

a solid, grayish appearance. The accessory chromosomes, how-

ever, can still be recognized in the purplish band on the convex

side of the head. In the second place, when reduction in size is

at an end, the interesting process of rolling or coiling begins.

The anterior and posterior ends of the head bend toward one

another until they overlap to form a ring-like or disk-like body
which well conceals the actual structure (Fig. 56). During the

rolling up process Wagner believed that the tail coiled itself into

a little, matted clump near the "tooth" (end-knob) and was

therefore finally inclosed at the center of the ring when the roll-

ing of the head was completed. Bosenberg, on the other hand,

thinks that by careful focusing he can detect the tail wrapped
around the outer circumference of the ring. My own observa-

tions lead me to agree with Wagner on this point for in partially

coiled spermatozoa I have seen an extremely small, darkly
stained mass which apparently depends from the end-knob and I

have seen no evidence of a tail wrapped around the outer cir-

cumference. Since both Wagner's work and my own has been

done chiefly on Agalena and Bosenberg's descriptions mainly
refer to Lycosa, it is quite possible that both opinions are correct

and that the method of disposing of the tail differs in the two

genera. When all of the spermatozoa in a given cyst have

almost or altogether completed the process of coiling, the cyst-

wall ruptures and allows them to escape into the lumen of the

testis and later into the sperm ducts. Even after they have been

stored in the pedipalps they remain coiled but can be forced to

uncoil if spread on a glass slide and heated to the boiling point.

If the spermatozoa in the proximal portion of the ducts be

compared with those which have passed into the more distal

portions, or with those in the pedipalps, there will be noticed a

marked difference in their appearance. Instead of retaining the

ring-like form, they become decidedly longer than broad and in

fixed material the chromatin shows a tendency to shrink away
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from the outer wall leaving a clear area between it and the chro-

matin mass. Wagner described the final form of the spermato-

zoon as being rod-like and was criticized in this by Bosenberg
who suggested that he was misled by seeing cross- sections of the

disk-like sperm. This cannot possibly be the explanation for

not only are all of the spermatozoa in the distal portion of the

ducts and in the pedipalps in this elongated form but they are

larger than when in the proximal portion of the ducts or in the

lumen. This fact precludes the possibility of their being cross-

sections (Fig. 59). Although they remain coiled they seem to

lose the compact structure, which they assume before leaving the

cysts, and regain their original size. This reexpansion of the

heads seem so improbable that I was only convinced of its truth

after making numerous camera lucida drawings with utmost care.

The difference in size and form can be seen at a glance by com-

paring Figs. 56 and 59 which were drawn with the same magni-

fication. In all probability the spermatozoa first uncoil after they

are passed through the slender ducts of the receptaculum sem-

inis into the oviduct of the female spider.

When one considers that the tail is attached to the lower, an-

terior margin of the relatively heavy, crescent-shaped head, it is

difficult to see how its lashing movements would propel the head

in a straightforward direction. Bosenberg has made considerable

study of the movements of spider spermatozoa and he holds that

the chief propelling power is found in the twisting and bending

motions of the head itself while the tail, by its lashing move-

ments, may act as a steering-organ.

Sequence of Divisions.

In the maturation of the male germ cells it is generally con-

ceded that two kinds of division occur a reductional and an

equattonal one but in regard to their sequence there has been

much difference of opinion. At a time when the majority favored

the view that the equational division occurs first, Montgomery

{'04, "05) maintained that the first division is reductional and he

strongly emphasized the importance of determining the origin of

the chromosomes in synapsis as their mere form in post-synapsis

-stages is often misleading. To-day perhaps the majority of
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workers can be said to favor Montgomery's view that the primary

spermatocytic division results in a separation of maternal and

paternal chromosomes which have conjugated in the synapsis

stage. In my previous work I pointed out that Agalena offers

especially favorable material for the investigation of this point

and also that my results led to a full endorsement of Mont-

gomery's interpretation. Further study has convinced me that

in all probability that view is the correct one. Every one who
has tried to follow the behavior of chromosomes during synapsis

knows the difficulties in the way of reaching any certainty about

the matter. What we do know is that, as a rule, before synapsis

we find a certain number of chromosomes present and after syn-

apsis we find but half that number. Many facts can be advanced

in support of the theory of the conjugation of maternal and

paternal chromosomes resulting in numerical reduction and if

such a pairing of these nuclear elements does occur it may be

brought about either by an end to end union of homologous
chromosomes or by a union side by side. It is clearly of utmost

importance to determine which method of union obtains before

endeavoring to interpret what follows.

In Agalena, in the early prophase of the primary spermatocytes,

the nucleus becomes contracted and its structure cannot be fully

made out, but the chromatin seems to be in the form of a dense

reticulum. At this time I believe the synapsis to occur both

because there is no later stage in which there is any sign of its

occurrence and also because the delicate spireme loops which

issue from this stage appear to be in the reduced number.

Strong evidence against the view that a side to side pairing of

the chromosomes occurs is the fact that the spireme at first shows

no trace of a split, then a barely perceptible one and finally quite

a wide one running the whole length of each loop. The space

intervening between two threads, therefore, must represent a

longitudinal split and not the space between two threads about

to unite side by side.

As evidence in support of the view that the chromosomes unite

end to end, I would call attention to the noticeably denser struc-

ture of the chromatin at the bend of the loops which is quite

marked in some stages, the chromomeres appearing to be massed
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together at this point. In iron-hsematoxylin preparations the

bend of the loops takes a deeper stain than the other portions

do, while in safranin and gentian violet preparations the chromo-

meres at the bend of the loops take the safranin and the arms of

the loops stain violet. Since condensed chromatin always does

take the safranin, this differential staining may indicate merely a

compact structure due to the mechanical bending of the loop but

it may also indicate the junction of homologous chromosomes.

In the light of the above facts, I consider it highly probable,

therefore, that the split in the spireme represents a precocious

longitudinal division which is more or less visible throughout the

prophase of the first maturation division.

The succeeding steps are as follows : The longitudinally split

loops become shorter and consequently thicker, drawing down
toward the distal pole. The bend becomes acute, forming V-

shaped chromosomes which split from apex to base along the

line of the original longitudinal split and open out into double

Vs. At this point the chromosomes can be easily oriented for

the split extends entirely through the free extremities of the arms

of the V while the apices show the compact structure character-

istic of the bend of the spireme loop. When they have taken up
their final position at the equator of the spindle, one has no

trouble in determining with certainty that the angles which cor-

respond to the bend of the loop lie in the plane of division, while

the angles corresponding to the free ends of the loop are directed

to the opposite poles. Still further assurance, if needed, is gathered
from the fact that sometimes a chromosome, which has not yet

opened out, is drawn into the equator of the spindle and there

always lies with its apex in the equatorial plane and its free ends

directed toward the poles. Later this single V opens out into a

double V preparatory to division. The first division then takes

place through what corresponds to the apex of the original V-

shaped chromosome and if this represents the point of union

between the homologous elements, the first division must be

reductionial.

In the V-shaped chromosomes of the telophase, the space be-

tween the two arms corresponds to the split which first appears

precociously in the spireme. When, in the succeeding division,
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the two arms are carried to opposite poles of the spindle, we

plainly have a longitudinal or equational division. It is also of

interest here that in this mitosis the rod-like accessory chromo-

somes divide equationally. To sum up, then, the first matura-

tion division occurs at a point corresponding to the bend of the

spireme loop and is a reductional one
;
the second maturation

division passes along the line of the longitudinal split of the

spireme loop and is an equational one.

Individuality of the Chromosomes.

Every living organism, whether plant or animal, single-celled

or many-celled, is regarded as an individual notwithstanding the

fact that each one is so lacking in stability that, in its metabolic

processes, it has frequently been compared to a whirlpool into

which and out of which new particles are constantly streaming.

Again, in the ontogeny of a Metazoan, the cells of which it is

composed and the cell-nuclei are supposed to be continuous from

one cell generation to the next. When, however, we come down

to one of the most important nuclear elements the chromosome,

there has been much difference of opinion in regard to individu-

ality, some claiming that when a given chromosome disintegrates

and spreads out in a reticulum in the resting stage, the same

chromosome does not reappear in the succeeding mitosis but that

the chromosomes are formed anew each time. Ever since Rabl

('85) strongly supported by Boveri ('87, '88) and Van Beneden

('83) maintained that the chromosomes do not lose their individu-

ality at the close of division but persist in the chromatic reticulum

of the resting nucleus, scores of workers have brought forward

evidence either for or against this theory. In a recent paper by
Foot and Strobell ('07 (<)) we read as follows : If we mean by

"Individuality of the Chromosomes" merely that we recognize

certain characteristics of size and form in some of the chromatin

units called chromosomes and that there is a frequent repetition

of these forms during different stages of development, then we

may claim that the chromosomes of Anasa tristis unqualifiedly

support the theory of the "
Individuality of the Chromosomes."

But on the other hand, if by
"
Individuality of the Chromosomes '

we claim their morphological continuity, that several or even
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only one of the chromosomes can be followed uninterruptedly

from the spermatogonium to the spermatid, that even during the

growth period the chromosome form is maintained, then we must

say that in our preparations Anasa tristis supports in a very re-

stricted sense, if at all, the theory of the "
Individuality of the

Chromosomes."

While all agree that the term individuality should not usually

be taken in its narrowest sense in reference to chromosomes, the

general fact that the same number of chromosomes issues from a

reticulum as passes into it and that they have been seen to re-

appear in the same positions within the nucleus, added to strong
evidence found in studies of fertilization of the egg of Ascaris and

other forms, seem to me to clearly indicate genetic connection

between the chromosomes in successive cell-generations. Even

if the chromosomes do resolve themselves into their component

granules which are distributed on a linin reticulum, it is not

difficult to conceive of each one thus spreading out along definite

lines, its ultimate branches temporarily anastomosing with those

of adjacent ones, as a method of interchange of material or as a

method of gaining nutriment for each granule which would be

much less easily done in the dense, compact form. The proba-

bility is that the so-called resting stage is a stage in which

physiological activity of the chromosomes is at its height. An
Amaba, whether it be in an encysted form or whether it be

spread out into a protoplasmic mass of extreme delicacy, with

numerous pseudopodia, is still an individual Amceba.

In Agalena, the ordinary chromosomes offer no strong evi-

dence in favor of chromosomal continuity although the loops of

the spireme differ in length and in the prophase of the primary

spermatocytes some of the V-shaped chromosomes differ slightly

in size. One of these which opens at a much wider angle than

the others recurs again and again, and is probably always present
at this stage. When we turn to the accessory chromosomes, on

the other hand, we find that they stand a more severe test than

that outlined above and even comply with the demands of Foot

and Strobell when they claim that, to meet the requirements for

individuality, several or only one of the chromosomes should be

followed uninterruptedly from the spermatogonium to the sper-
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matid and that even during the growth period the chromosome

form should be maintained. Not "
only one

"
but two accessory

chromosomes described in this paper have been followed without

loss of identity from the spermatogonium through the growth

stage, prophase, metaphase, telophase down to the spermatid
and they more than meet the above requirements in that they
have been traced to their final position in the head of the sper-

matozoon. The fact that they become granular and partially

disintegrate for a short time in the growth period only shows

that the granules, of which they are composed, separate from

each other as in the other chromosomes but to a much less

degree (Fig. 15). There is every probability that the other

chromosomes have genetic continuity just as truly as the acces-

sory chromosomes have it but at certain definite periods, possibly

of great physiological activity, they take a form which tempo-

rarily obscures their individuality.

Degenerating Cells.

In my earliest studies upon Agalena I noticed many cases in

which the mature spermatozoa seemed to be escaping from their

respective cell-bodies and I then supposed that the latter could

take no part in the formation of the germ-cells, but that they

passed with them into the ducts and served as nutriment. Later,

upon examination of some preparations made from another

spider, Pholcus plialangioidcs, two kinds of degenerating cells

were found in the lumen of the testis, one kind being supplied

with brilliantly stained nuclei, while the other kind appeared

granular and non-nucleated. These two kinds of cells were

looked upon as early and late stages in the process of degenera-

tion and the presence of chromatin precluded the possibility of

their having originated from the cell-bodies discarded by the

spermatozoa. The occurrence of spermatozoa wholly or partly

free from their cell bodies was thus explained as a mechanical

effect of sectioning with a microtome knife as it seemed likely

that compact, resistant bodies like the sperm-cells might thus

happen to be dislodged from the soft, protoplasmic mass in which

they lie. Whence, then, came the great number of degenerating

cells in the lumen of the testis and in the ducts ? An answer to
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this question was sought in the unequal distribution of the ac-

cessory chromosomes. They were found to take no part in the

first maturation division and, while their further history was ex-

tremely difficult to follow, I gathered, as I then believed, some

evidence of their taking no part in the second maturation division,

and therefore of their final distribution to but one fourth of the

spermatozoa. McClung's theory that the accessory chromo-

somes might be sex-determinants was then held to be untenable,

so far as its application to the spider was concerned, as it did not

seem probable that one sex would be three times as numerous as

the other. I then ventured to suggest a new theory viz.: that

only the one fourth of the spermatozoa which contain the acces-

sory chromosomes the "favored" spermatozoa become func-

tional while the remaining three fourths degenerate after almost

or altogether reaching maturity. There were a priori reasons for

believing such to be the case since, if true, the parallelism be-

tween the spermatogenesis and the oogenesis would be even more

complete than hitherto supposed, three of every group of four

daughter cells descended from a single spermatogonial cell being

considered as homologues of the polar bodies which do not be-

come functional. I also suggested, in view of the foreseen diffi-

culties in the union of the sex-cells, that in the maturation of the

egg the accessory chromosomes might be thrown off in the polar

bodies and thus, at time of fertilization of the egg the normal

chromosomal number would be restored. This second suggestion

was overlooked by Boring ('07) in her criticism that if only the

"favored" spermatozoa become functional, the egg must neces-

sarily contain the accessory chromosomes also and that in the

nucleus of the fertilized egg the chromosomal number would

exceed the normal number by two. Berry ('06) in her paper on

Epeira states that certainly in none of her preparations does she

find any trace of degenerating spermatozoa, and other writers

have expressed doubt of their existence. Now, while I still find

an abundance of degenerating cells in the lumen of the testis and

in the sperm ducts, my recent investigations have convinced me
of the error of my former results in regard to the distribution of

the accessory chromosomes. In the present paper I think it is

clearly demonstrated beyond the shadow of a doubt that dimor-

phism of spermatozoa is the rule.
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The above-mentioned facts have necessitated a careful re-

examination of the whole subject of degenerating cells in the

spider testis and after a brief review of the work of other writers,

I shall give my present interpretation in the light of recent study

upon this point.

Many of the earlier workers upon spider spermatogenesis have

observed and described numerous, granular, protoplasmic bodies

in the lumen of the testis, in the sperm ducts and pedipalps and

also in the receptaculum seminis of the female spider. Most of

them agree that these granules or granular masses have a nutri-

tive function but they account for their origin in various ways.

In Tegeneria, Bertkau ('77) believed that they arose from certain

granular cells of the testis and sperm -ducts. Schimkewitch ('84)

describes two kinds of cells in the testis of Epeira. Those at the

posterior end, according to him, develop into spermatozoa.

Those at the anterior end and also cells of the sperm ducts give

rise to roundish or oval granules. In Lycosa, Birula ('94) found

granular masses which were derived from the fragmentation of

some of the follicle cells. On the other hand, Balbiani ('97)

arrived at the conclusion that the spider testis is supplied with

gland cells which pour out a secretion in the form of little

granules. Wagner ('96^) maintained that the remains of the

spindle fibers and Zwischenkorper fragment to form the "
granules

seminaux." Later appeared Bosenberg's paper ('05) in which I

find statements which exactly accord with my earliest conclusions

that the ripe sperm-cell works its way out of the cell-body and

that the latter is left to degenerate.
" In der letzten Phasen der Umformung der Spermatiden in

das Spermatozoon wies ich nach, dass der Kopf des Spermato-
zoons mit dem Schwanz das Cytoplasma verlasst, welches dann

in Form von grossen, runden Ballen im Follikel zuriickbleibt.

Diese Plasmakugeln degenerieren und zerfallen in kleine, runde

Kornchen." Also, according to this author, the cells of the cyst-

walls and their nuclei degenerate, the fragments of which pass

into the lumen of the testis after the escape of the spermatozoa

from the cysts. This whole mass of degenerating cells which

completely envelop the rolled up spermatozoa in the ducts and

pedipalps, Bosenberg regards as a possible source of nutriment
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for the sperm-cells until they reach the ova at the time of ferti-

lization.

In my first study of PJiolcus plialangiodcs, already referred to,

it will be remembered that two kinds of degenerating cells were

found in the lumen of the testis, half containing nuclei and half

not. I have now found that these bear no genetic relation to

each other but arise in totally different ways. Those without

nuclei are the cytoplasmic remains discarded by the spermatozoa
and which accompany the latter when they pass into the lumen of

the testis. Those containing distinct nuclei originate from degen-

erating spermatids, many cases occurring where nearly all or quite

all of the spermatids in a cyst are in advanced stages of degenera-

tion. The cell-body becomes enlarged and vacuolated and the

chromatin forms homogeneous-looking masses irregular in out-

line or fragmented (Fig. 60). These cells greatly decrease in

circumference, the chromatin mass becomes spherical, and the

cell body becomes so transparent that it is easy to overlook it

altogether. They vary considerably in size, even after they have

passed into the lumen of the testis but they are readily distin-

guished from the ripe spermatozoa and the granular cytoplasmic

bodies among which they lie (Fig. 61).

In Agalena, although in the breeding season the sperm ducts

are fairly packed with nearly colorless cells or fragments of cells

in which the ripe spermatozoa lie embedded, none of the former

appear to contain chromatin, or, if they do, it is so finely dis-

tributed that it stains very faintly. Neither in this spider have I

found cysts full of degenerating spermatids. After a careful study

of the cysts containing nearly mature or mature spermatozoa, I

am thoroughly convinced that Bosenberg is correct in stating

that the ripe sperm-cells wriggle out of the cell body and further-

more he claims to have actually witnessed the process in his ex-

amination of living cells. I have, in fixed material, found the

sperm-cells in all stages of the process and the phenomenon is of

too common and too general occurrence to be accounted for by
the tearing action of the microtome-knife in sectioning. After

the spermatozoa have wriggled themselves free, they remain in

the cyst for some time before the rupture of its walls and during

this time, while they are contracting and rolling up into a
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disk-like form, described before, the cell-bodies from which

they have escaped, also gradually contract, the circumference

becomes greatly reduced and the density of the cytoplasm gives

it a purplish hue in iron-hsematoxylin (Fig. 58, a c\ When the

cyst-wall ruptures, these granular masses pass out in company
with the ripe spermatozoa and of course equal them in number.

The cells of the cyst-wall also break up and their fragments pass

into the lumen of the testis. Still another contribution to the

mass of degenerating cells comes from the remains of the "con-

necting body
"

or cytoplasmic neck which for a time unites two

sister spermatids and which contains the Zwischenkorper. In

spite of all these sources of supply enumerated above, a difficulty

still presents itself in the effort to explain all of the degenerating

cells in the sperm duct. Even when we grant that they arise in

three ways, viz.: from the cells of the cyst-walls, from the granu-

lar, cytoplasmic masses discarded by the spermatozoa and from

the connecting-bodies and their contained mid-bodies, still the

number appears to be too enormous to be wholly accounted for

in these ways. No doubt there is considerable fragmentation but

the size of the majority of the cytoplasmic masses is at least equal

to the size of the contracted masses as they escape from the cyst

(compare Figs. 56 and 59) so that fragmentation is not a satis-

factory explanation, especially as the total mass of them far ex-

ceeds the total mass of the spermatozoa. It might be thought

probable that the spermatozoa would pass through the ducts

more rapidly than the degenerating cells and so leave a relatively

large number of them behind, but it is difficult to see how this

could be true since the spermatozoa are rolled up and are, in all

probability, entirely inert. The contraction of the wall of the

sperm duct would surely propel the degenerating cells as rapidly

as the rolled up, temporarily inactive spermatozoa.

In the duct are found some cells of a type quite distinct from

those already described and which could not have arisen in any

of the ways mentioned. These are comparatively large, some-

what oval cells and closely resemble the rolled up spermatozoa

in size and outline but differ from them in showing little or no

affinity for nuclear stains. If it seemed probable that a spermato-

zoon would remain coiled during the process of degeneration,
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then we might suppose that these large, faintly stained cells

represent degenerating spermatozoa and as they seem to be about

as numerous as the deeply stained spermatozoa their presence

might mean that only one half of the latter become functional.

It seems more probable, however, that a spermatozoon would

uncoil in the process of degeneration and it also seems likely

that the chromatin in the head would retain its staining capacity

for a long time. I am, therefore, at a loss to explain the presence

of these large, oval cells.

SIGNIFICANCE OF THE ACCESSORY CHROMOSOMES.

Until comparatively recent times the problem of sex-determina-

tion has been approached chiefly from the outside and much-

experimental work has been done in the attempt to prove that

external factors, such as nutrition, temperature, etc., do influence

sex. Within the last few years, however, minute cytological

research has directed attention to internal factors, namely, to the

nuclei of the germ-cells themselves, and there is now good reason

to believe that the problem can be put on a morphological basis.

McClung's ('02^) brilliant idea that dimorphism of the sperma-

tozoa caused by the presence or absence of the accessory chromo-

somes might have a direct bearing on the determination of sex has

been strongly supported by Wilson ('05^, b, c, '06) and Stevens

('05^, 'o6) and, more recently, by Boring ('07) in their work upon

insects. These authors find cases in which the somatic cells of the

male contain one less chromosome than the somatic cells of the

female or, in cases where one half of the spermatozoa contain a

very small chromosome represented in the other half by a large

chromosome, the somatic cells of the male and female show

corresponding differences.

In the spider Agalena mvvia I have shown that dimorphism

of the spermatozoa obtains, one half of them having two acces-

sory chromosomes and one half of them lacking these elements.

The comparative number of chromosomes in the somatic cells of

the two sexes could not be determined, but a comparison of the

developing germ-cells was made with reference to the presence

or absence of the accessory chromosomes. In the spireme stage

of the growth period of the primary spermatocytes, the two rod-
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like accessory chromosomes are more conspicuous than at any-

other time during the development of the sperm-cells (Fig. 13).

On the other hand, a study of the primary oocytes at a corre-

sponding stage reveals the fact that in them no trace of the

accessory chromosomes can be found (Fig. 57). It might be

contended that during the much longer resting stage of the

oocytes, the accessory chromosomes dissolve into the reticulum

as do the ordinary chromosomes but an argument against such

an interpretation is the fact that the same lack is evident even in

the extremely small ovaries of very young spiders captured in

June --two months before the breeding season. At all stages of

the growth period, in the youngest as well as in the oldest

oocytes, no accessory chromosomes can be found. Now, while

this is not in itself conclusive evidence that all of the cells of the

female spider lack the accessory chromosomes, it seems probable

that such is the case in the light of the work upon insects and

in view of the fact that one half of the spider spermatozoa lack

these two elements. Since the primary oocytes have no acces-

sory chromosomes, in all probability the mature eggs lack them

also. If, then, an egg be fertilized by a spermatozoon possessing

two accessory chromosomes, a male would be produced but if an

egg be fertilized by a spermatozoon which does not possess them,

a female would be produced. This interpretation brings the

spider into line with the insects in support of the view that the

accessory chromosomes may be directly connected with sex-

determination, the main difference between the insects and spiders

being that in the former the female has the greater number of

chromosomes while in the latter the male is the "favored"

one.

spermatozoa ova~
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COMPARISON OF RESULTS.

The earliest work on spider spermatogenesis which was done

under sufficiently modern methods to concern us here is that of

Wagner ('96^), but his complete paper, published in the Russian

language, is not accessible to me. From a preliminary report

in a German periodical ('96^) and from several short reviews, I

judge that his work has been rather comprehensive, including

the history of the germ-cells from the early spermatogonia to the

mature spermatozoa. His studies were mainly concerned with

Agalena and it is therefore with special interest that I compare

my results with his. In the spermatogonia he states that division

does not occur according to the ordinary method of karyokinesis,

nor is it amitotic, so one is puzzled to know what method of

division he did observe. He also makes the surprising state-

ment that the nuclei of the spermatocytes are much smaller than

the nuclei of the spermatogonia of the last generation. In the

growth period and also in the primary spermatocytic division

Wagner finds a peculiar nucleolus and while his description is

far from accurate, I have no hesitancy in saying that under this

term he describes the accessory chromosomes. This so-called

" nucleolus" has a compact, elliptical form and is always periph-

eral in position, never lying inside the spireme threads. In

the succeeding division it divides either in the plane of the equa-

torial plate or nearer one pole and in the latter case it is cast

out into the cytoplasm (
!

). My results show that while the

accessory chromosomes are usually in a peripheral position, they

occupy a more central position in the growth period and are then

surrounded by the spireme threads. As to the accessory chro-

mosomes they do not divide at all in the first division but are

carried over bodily into one of the two daughter cells.

Early workers described the spermatozoon as of a disk-like,

aberrant form showing no resemblance to the ordinary type.

Wagner was the first to discover that this peculiar looking sper-

matozoon, with apparently no organ of locomotion, does in real-

ity essentially agree in its development with the ordinary type

and possesses head, tail and apical body. He also demonstrated

clearly that the disk-like form is due to the fact that the ripe

spermatozoon rolls itself up in such a way that it is difficult to
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recognize its resemblance to a typical spermatozoon. In the

transformation of the spermatid, he incorrectly explained the

growth of the axial filament, holding that it first appears in the

cytoplasm and later makes connection with the nucleus and he

was also mistaken in believing that a portion of the nucleus takes

no part in the formation of the spermatozoon head and later dis-

appears. Wagner's work, on the whole, added much to our

understanding of the peculiar spider spermatozoon and made a

foundation for the more detailed work of Bosenberg which is

reviewed below.

Montgomery's work ('05) on Lycosa follows in some detail the

history of the spermatocytes, and as a number of my results

differ from his, it seems worth while to enumerate the main points

in which we disagree. A careful perusal of his text and figures,

and my own observations on several different genera including

Lycosa, lead me to believe that he has misinterpreted some points

and that a further study of Lycosa will bring about greater har-

mony in our results.

1. In Lycosa, he says :

" There is no rest stage at any period

of spermatocytic history."

In Agalena, well-marked rest stages occur in both of the

spermatocytes and in the spermatids.

2. In Lycosa
" where the ends of two conjugated chromo-

somes come together is frequently found a slight notch or break

which is a connecting band of linin."

In Agalena the point of union is marked by a greater accu-

mulation of chromomeres at the bend of the spireme loop.

3. In Lycosa "the split in the prophase (of the first division)

does not extend through the distal ends of the generally V-

shaped loops."

In Agalena the split extends throughout the length of the

loop.

4. In Lycosa the longitudinal split of the prophase of the first

maturation division becomes " in some of the chromosomes a

little wider than during post-synapsis but this happens with

only a minority of the chromosomes in any nucleus and it is not

a definitive stage in the structural change of every chromosome

for the reason of its relative infrequency. Most of the chromo-

somes are straight or bent rods."
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In Agalena, the widening of the longitudinal split at this stage

js of universal occurrence in the ordinary chromosomes and is of

first importance as a foreshadowing of the opening out of the

single V-shaped chromosomes to form double V's, which is the de-

finitive form of every ordinary chromosome. Furthermore Mont-

gomery's own figures of the telophase show many V-shaped
chromosomes and indicate that in Lycosa, also, the chromosomes

of the metaphase are double V's. On examination of my own

sections of Lycosa, I find this to be true.

5. In Lycosa
" there is no intermediate cell-plate formed after

the reduction division but after all other divisions."

In Agalena, the intermediate cell-plate is always found at this

stage and is often conspicuous.

6. In Lycosa "the two univalent heterochromosomes conju-

gate side to side though their ends directed toward the distal

nuclear pole are in closer touch than their opposite ends, in con-

trast to the behavior of the other chromosomes."

In Agalena the heterochromosomes unite, apparently, into

a single mass and the union usually begins at the ends directed

toward the central pole.

7. In Lycosa
" the mode of division of the bivalent hetero-

chromosomes was not positively determined" but in its forma-

tion " there is some evidence that the heterochromosome may
behave like the others during the maturation mitoses, namely,

that it may undergo a reductional division in the first and an

equational division in the second mitosis. And we can say posi-

tively that the whole bivalent heterochromosome does not pass

undivided into one of the second spermatocytes." (
!

)

In Agalena and several other genera the heterochromosomes

clearly pass undivided into the secondary spermatocytes and in

Agalena, at least, they are equationally divided in the second

maturation mitosis.

Rosenberg's beautiful work ('05) on the spermatogenesis of

the Arachnida is based chiefly upon a study of Lycosa and his

observations begin with the telophase of the second maturation

division, his work being largely confined to a detailed study of

the transformation of the spermatid into the mature spermatozoon.

Taking Wagner's results upon Agalena as a starting point, he
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follows with utmost care the development of the spermatid

nucleus, centrosome and idiozome. He, like Wagner, undoubt-

edly mistook the compact accessory chromosomes for a nucleolus

which is conspicuous and often surrounded by a clear area in the

spermatids. According to Bosenberg, this nuclear element dis-

appears prior to the formation of the chromatin plate at one side

of the spermatid nucleus. As a matter of fact, however, the

accessory chromosomes (" nucleolus ") form an important part

of the chromatin plate in half of the spermatids, first stretching

across the side of the nucleus where the chromatin granules later

accumulate. Bosenberg traced the subdivision of the centrosome

into proximal and distal portions. The distal centrosome

migrates to the cell-periphery and from it grows out the delicate

extracellular axial filament. The proximal centrosome moves

over or through a portion of the nucleus and later becomes com-

paratively large and pear-shaped. It is then regarded as the

connecting-piece, or middle-piece, the latter term being thought

inappropriate in the spider spermatozoon. The apical body is

derived from the idiozome vesicle and contains a filament which

bears a small granule. The latter is derived from the connect-

ing piece. My observations, so far as they have gone, indicate

a close agreement between the transformation of the spermatid

of Lycosa and that of Agalena.

To Berry ('06) belongs the credit of first reporting dimorphism
of the spider spermatozoa although in her brief paper on Epeira

she was not able to bring forward much data in support of this

view. In the telophase of the last spermatogonial division, one

chromosome appears to have no mate and is therefore regarded

as the odd chromosome which persists as a single, univalent

element in the rest stages, becoming longitudinally split in the

spireme. In the first maturation mitosis, the odd chromosome

is carried to but one pole and while it was not identified in the

second maturation mitosis it is thought to divide along the line

of the original longitudinal split, the resultant halves being car-

ried to the opposite poles of the spindle. This view is supported

by the fact that apparently one half of the spermatids contain a

single chromatin mass while the other half do not.

Knowing by experience the difficulty of accurately counting



THE SPERMATOGENESIS OF AGALENA N.KVIA. 149

numerous rod-like chromosomes which often overlap one another

and knowing also the possibility that all of the chromosomes

may not necessarily lie in the plane of a given section and may
therefore be counted twice, it seems to me unwise to place much

reliance upon the finding of an apparently unmated chromosome

in the telophase of the last spermatogonia. Again, the split and

unsplit odd chromosome of the rest stage and of the growth

period may be two univalent heterochromosomes or accessory

chromosomes before and after conjugation, as in Agalena. In

the primary spermatocytic division of Epeira the split, odd chro-

mosome which is carried to but one pole is probably the two

univalent accessory chromosomes and while Berry surmised that

the halves of this single element are separated in the secondary

spermatocytic division, it is possible that each half of the odd

chromosome, or, as I believe, each univalent element of the two

accessory chromosomes, splits lengthwise and is equally dis-

tributed to the opposite poles. While Berry finds a single chro-

matin mass in half of the spermatids, I find in Agalena two

accessory chromosomes in half of the spermatids. These, how-

ever, eventually fuse into a single mass, so there is no real

discrepancy here. Our main point of issue is with the origin of

the accessory chromosomes. If it be granted that they originate

from two spermatogonial chromosomes rather than from one,

then it is possible to interpret all of Berry's figures in such a way
that the odd chromosome of Epeira and the two accessory

chromosomes of Agalena will be seen to be nearly identical

in behavior and fate. The forms of the ordinary chromosomes

of Epeira in the prophase and metaphase of the first maturation

division are somewhat obscure in the figures but are described

as V's, rings, rods and crosses. Now one who is familiar with

the double V-shaped chromosomes in other forms can readily see

how they might appear as represented, especially if they are over-

stained or closely packed together. Furthermore, my own sec-

tions of Epeira show plainly that the definitive form of the chro-

mosomes in the equatorial plate of the first maturation division is

that of a double V.

It may not be out of place to mention here the two chief errors

in my own previous work ('05). In the first place I failed to
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find the division of the accessory chromosomes in the second

maturation mitosis and in the second place I failed to find the

tail of the spermatozoon. These points have been fully discussed

in the body of this paper.

Although I am fully aware that it is easy to read one's own

interpretation into the work of others, nevertheless I am confident

that the spermatogenesis of at least three genera of spiders

Agalcna, Epeira and Lycosa will be found to agree in all

essential points.

SUMMARY.

1. In the spermatogonia the nuclei are unusually large. The

chromosomes are rod-like and are probably at least fifty-two in

number. Two of them appear different from the others and are

regarded as the accessory chromosomes.

2. In the primary spermatocytes, the ordinary chromosomes

conjugate end to end in synapsis to form V-shaped chromosomes

These open out along the line of the longitudinal split of the

spireme to form double V's and divide reductionally. In the

early rest stage the two accessory chromosomes take the form

of two chromatin nucleoli which later unite into a single chro-

matin nucleolus. At the beginning of the growth period they

again take the form of two rods which later conjugate side to side

during a small fraction of the growth period. In mitosis they

pass over bodily into but one of the two daughter cells.

3. In the second spermatocytic division the V-shaped chromo-

somes and also the two rod-like accessory chromosomes divide

equationally. The reduced number of the ordinary chromosomes

is probably at least twenty-five.

4. The spermatozoon has a well-developed axial filament de-

rived from the distal centrosome. The proximal centrosome

gives rise to the end-knob.

5. There is dimorphism of the spermatozoa, half of them con-

taining two accessory chromosomes and half of them lacking

these elements.

6. Since the accessory chromosomes are more conspicuous

during the growth period of the primary spermatocytes than at

any other time and in the primary oocytes no trace of them can

be found and since the dimorphism of the spermatozoa is due to
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the presence or absence of these peculiar elements, it seems prob-

able that an egg fertilized by a spermatozoon possessing the

accessory chromosomes develops into a male while an egg fertil-

ized by a spermatozoon which lacks the accessory chromosomes

develops into a female. The results of my work upon the spider,

therefore, furnish further evidence in support of McClung's theory

of sex-determination.

7. Degenerating cells or cell fragments which envelop the

ripe spermatozoa in the sperm-ducts come from at least four dif-

ferent sources. These are as follows :

(rt)
Broken down walls of

empty cysts, (&)
cell bodies from which the ripe spermatozoa have

escaped, (V) "connecting bodies" of sister spermatids, and their

contained mid-bodies, (d] large, oval cells which resemble the

rolled up spermatozoa, in size and outline.

UNIVERSITY OF PENNSYLVANIA,

May, 1908.
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EXPLANATION OF PLATES.

All figures were drawn with the aid of a camera lucida under Bausch and Lomb
one twelfth oil immersion and Zeiss Comp. oc. 12. at table level and in the plates

are reduced about one eighth.

All not otherwise specified are taken from Agalena navia.

Abbreviations : a.c, accessory chromosome ; <?, mature spermatozoon ; b, degen-

erating cytoplasmic body; c, degenerating spermatid ; d, degenerating spermato-

zoon (?) ; y, yolk nucleus.

EXPLANATION OF PLATE I.

FIGS. I, 2. Spermatogonium. Metaphase.

FIGS. 3, 4. Spermatogonium. Anaphase.
FIGS. 5-7. Primary spermatocytes. Rest stage.

FIGS. 8, 9. Primary spermatocytes. Contraction stage.

FIGS. 10-12. Primary spermatocytes of growth period. Spireme not split.

FIG. 13. Primary spermatocyte. Spireme thread longitudinally split.

FIG. 14. Primary spermatocyte. Cross-section of split spireme.

FIGS. 15-17. Primary spermatocytes. Split in spireme thread widens. The ac-

cessory chromosomes conjugate.

FIG. 18. Primary spermatocyte. Cross-section of split spireme and conjugated

accessory chromosomes.
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EXPLANATION OF PLATE II.

FIGS. 19-21. Primary spennatocytes. The spireme loops contract. The acces-

sory chromosomes separate again.

FIGS. 22, 23. Primary spermatocytes. Prophase. Single V-shaped chromo-

somes open out into double Vs.

FIG. 24. Primary spermatocyte. Metaphase.
FIG. 25. Primary spermatocyte. Division of double V's to form single Vs.

Accessory chromosomes passing to one pole.

FIG. 26. Primary spermatocyte. Anaphase.
FIG. 27. Primary spermatocyte. Anaphase. Pole view, a.c. split.

FIG. 28. Primary spermatocyte. Telophase.

FIGS. 29, 30. Secondary spermatocytes. Rest stage.

FIG. 31. Secondary spermatocyte. Prophase. Accessor}' chromosomes show

precocious, longitudinal split.

FIGS. 32, 33. Secondary spermatocytes. Metaphase.
FIG. 34. Secondary spermatocyte. Division of V-shaped chromosomes into rod-

shaped chromosomes.

t" IGS. 35, 36. Secondary spermatocytes. Anaphase. Accessory chromosomes

divide equationally.

FIG. 37. Secondary spermatocyte. Late anaphase, showing twenty-five rod-

shaped chromosomes.
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EXPLANATION OF PLATE III.

FIGS. 38, 39. Secondary spermatocytes. Late anaphase.

FIGS. 40, 41. Secondary spermatocytes. Telophase. Accessory chromosomes

large and conspicuous.

FIGS. 42, 43. Spermatids. Axial filament grows out from centrosome.

FIGS. 44, 45. Spermatids. Interzonal fibers disappear. The mid-body persists

at center of "connecting-body."
FIGS. 46, 47. Spermatids. Contraction stage. Accessory chromosomes sur-

rounded by clear area.

FIGS. 48, 49. Spermatids. Accessory chromosomes unite and pass toward cen-

tral pole ; proximal centrosome passes over or into nucleus. Axial filament lengthens.

FIGS. 50, 51. Spermatids. Nucleus elongated. Accessory chromosomes again
show partial separation. Chromatin plate forms. Proximal centrosomes becomes

larger.

FIG. 5 2 - Spermatid. Cross-section of accessory chromosomes. Chromatin plate

and proximal centrosome.

FIGS. 53, 54. Spermatozoa. Apical granule projects from apical body. Proxi-

mal centrosome becomes end-knob. Accessory chromosomes on convex side of head

in Fig. 53.
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EXPLANATION OF PLATE IV.

FIG. 55. Spermatozoa escaped from cell bodies.

FIG. 56. Spermatozoa contracted and coiling up. Cell bodies contracting also.

FIG. 57. Primary oocyte, growth period.

FIG. 58. Cell bodies. Stages in degeneration, a-e.

FIG. 59. Portion of sperm-duct in breeding season.

FIG. 60. Cyst full of degenerating spermatids. (
Pholcus phalangioides. )

FIG. 61. () Mature spermatozoa, (b) degenerating cell bodies and (f) degen-

erating spermatids found in lumen of testis of Pholcus phalangioides.
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THE MOUND OF POGONOMYRMEX RADIUS LATRL.
AND ITS RELATION TO THE BREEDING

HABITS OF THE SPECIES.

C. H. TURNER.

Even casual observers, visiting the suburbs of Augusta, Ga.,

are sure to notice this ant
;
not merely because of its large size,

but on account of its conspicuous mounds, which are scattered,

in open places, on all the vacant highlands. A somewhat dry,

sandy soil seems best suited for its development ; for, although
the mounds are numerous on the divide, both along the road-

side and in open patches in the woods
; yet, they are practically

absent from the low, damp flood-plain. The conspicuousness

of each mound is not due to its height, for each is only a few

inches high ;
but to its large, barren surface. Some of the

mounds are as much as five feet in diameter, and many have a

major axis of three feet. The area of the mound seems to be a

function of the size of the colony. I say size rather than age of

the colony ;
because an old, but weak, colony will often have a

smaller mound than a much younger colony that has a large

population. This condition of affairs is due to the habit of occa-

sionally abandoning its old mound and excavating a new one.

If the migration occurs when the colony is small, even though it

is old, the area of the mound will be small. In small mounds

the shape is often subcircular
;
but in larger mounds the shape

departs much from that of a circle (Figs. I 8). This mound is

composed partly of materials excavated in forming and enlarging

the burrows and partly of small pebbles and other coarse ma-

terials collected from the surrounding surface of the ground. All

sizes of workers participate in making the mound.

The number of openings into the nest varies from one to sev-

eral. This is true not only of different nests, but of the same

nest at different times. If an opening to a nest is closed with

small particles, by some agency foreign to the nest, the ants that

may be on the outside at the time act, for a time, as though they
161
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were confused
;
then they begin to remove the obstruction. In

the meanwhile, the ants in the nest have been tunneling from

within. Usually the ants from within are the first to penetrate

the obstruction. Occasionally the ants on the outside are the

first to make a breach. In one case observed by me, the ants

on the outside took no part whatever in removing the obstruc-

tion until the ants in the nest had made an opening. When the

nest opening is closed with anything which is not too large for

several ants acting conjointly to remove, several will cooperate
in removing it

;
otherwise a new opening is made. I have seen

as many as five ants acting conjointly in removing an obstruction.

FIG. i. FIG. 2.

FIG. I. Mound of P. badius, surface view, a, entrance ; b, debris, mostly plant

matter, from the nest. There were a few pebbles scattered over the mound. The

nest contained workers of all sizes and several females. Greatest length, 17 in.
;

greatest width, 14 in.

FIG. 2. Mound of P. baJius, surface view, a, entrance ; b, debris, mostly plant

matter, from the nest ; g, stalks of green grass. The top is well covered with

pebbles. Greatest length, 24 in. ; greatest width, 20 in.

The statements in the preceeding paragraph were established

by several experiments similar to the following : March 28, 1908,

5 P. M. Numerous workers are on the outside of the nest. I

fill the opening with sand and small pebbles. Immediatly the

workers on the outside of the nest examine the obstruction and

then rush about as though they are searching for an opening.

5:02 P. M. Several workers try to force an opening through

the obstruction. 5:10 P. M. One of the workers confined to

the nest succeeds in forcing a passage-way to the outside. Im-

mediately three workers begin to remove the pebbles. Up until

now, no particle has been removed from the outside of the nest.

5:15 P. M. Another worker emerges from within. 5:20 P. M.

The opening has been cleared, and the ants are busy bringing
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from the nest the pebbles that the ants working from within the

nest had carried inward from the obstruction.

Whether a nest contains several openings or only one, early in

the morning and at night the openings are found to be closed.

In the spring and early summer, I have often found all of the

nest openings closed as late as 7:50 A. M. Careful observations,

extending over a period of five months, demonstrated that the

nest opening or openings are regularly closed, by the ants, at the

close of day. The time required to complete the closing and the

number of ants employed varies in different nests and in the same

nest at different times
;
but the method in all cases is so similar

that the following description of the behavior of the ants on one

occasion will serve as a type of all.

It was eighteen minutes to seven, July 20, 1908, and darkness

was fast approaching. Four workers were busy covering the

nest opening with plant debris, sand and pebbles. Part of the

time they would stand balanced upon the two posterior pairs of

legs, with their heads turned away from the nest, and kick the

sand backwards with their fore feet
;
and part of the time they

would carry coarser materials and place them upon the nest.

By twenty-three minutes after seven, the opening was almost

closed and the ants passed inside. In a few minutes, two workers

returned to the outside and continued the closing of the opening.

Soon they were joined by a third worker. By forty minutes after

seven the opening was closed
;
then the three workers wedged

themselves inward through the closed entrance. Soon a worker

returned to the outside and added more material to the pile over

the nest opening. Then it forced its way into the nest. This

behavior was repeated several times. The nest was finally closed

from within. By eight o'clock everything was quiet.

On one occasion, I noticed this ant make use of this hole-

closing instinct to rid itself of the encroachments of another ant.

A species of Atta had constructed a burrow within the confines

of a mound of a colony of Pogononiyrmex badiits. When I first

discovered these conditions, a single worker of the latter species

was busy covering the opening of the burrow of Atta with sand.

The sand was driven into the opening by the ant standing on its

four hind legs and kicking the sand backward with its fore feet.
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The larger particles were carried in the mouth and deposited

therein. Every few moments the ant would enter the burrow

and compact the sand with its head. Frequently it would leave

the hole and wander about for a few moments. It always soon

returned to the covering. After the hole had been filled to the

level of the ground, the ant continued to pile on sand. When I

left, at 10:03 A. M., the ant was still piling on sand. At no

time was it assisted by any other ant, although numerous ants

passed by it.

With few exceptions, on each mound there is one or more trash

piles. In over two hundred mounds examined I noticed only one

a

FIG. 3.
FIG. 4.

FIG. 3. Mound of P. badins. a, entrances. The mound is covered with peb-

bles, and dead stalks of grass and weeds are scattered over it. Greatest length, 32

in.
; greatest width, 25 in. ; greatest height, 5 in.

FIG. 4. Mound of P. badius, surface view, a, entrances; b, debris, mostly plant

matter, from the nest. The mound is covered with pebbles. On the outer edge

there are a few stalks of grass. At one time this mound had four openings. Greatest

length, 32 in.
; greatest width, 27 in.

exception (Fig. 3). On this trash pile is dumped debris from the

nest, supplemented by plant material obtained in the surrounding

territory. The major portion of the pile is composed of plant

matter, the remainder of remnants of insects. In some cases the

trash-pile surrounds the nest-opening (Figs. I, 5, 7, 8); but in

most cases it does not seem to bear any definite relation to that

opening (Figs. 2, 4, 6).

It seems self-evident that a mound as conspicuous as this must

play some important role in either the present or the past behavior

of the species. It is possible that it serves more than one pur-
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pose ;
however, several months careful study has convinced me

that one of the most important functions of this mound is to serve

as a device to promote sexual union. The following description

of the behavior of this species, during the process of mating, will

make this point clear.

Mating takes place, at intervals, during the warm weather.

How often this occurs and whether the intervals are regular or

irregular I am not prepared to say. I observed the inmates of

one set of nests mate on June 8 and again on June 16, and, on

several other occasions, I saw what looked like signs of recent

mating. Practically all the nests of the same locality mate at

the same time. On one mating occasion, out of eleven nests

occurring within a radius of a few yards, the inmates of eight

were going through the mating behavior. The three colonies

that were not mating were small and weak.

During the daylight hours, a few workers usually promenade
on top of the mound

; just before a mating is to occur, this

number is increased many fold. To a casual observer, it looks

as though the majority of the inmates of the nest were out for a

sun bath. All move about in a nervous manner. A few males

and a few unfertilized (winged) females repeatedly emerge from

the nest, move about for a few moments, and then retire. After

this has continued for a time, the males fly away and the females

promenade among the restless workers. When the males arrive

at another mound, they alight and move about, in a jerky,

nervous manner, among the restless workers and females on the

mound. If, in its zigzag rushing, the male comes in contact

with one or more workers, these neuters attack it at once. Some-

times a male attempts to enter the nest. It is at once opposed

by the workers. I have never seen a male succeed in entering

the nest
; but, I think they do sometimes

; for, on more than

one occasion, I have seen workers dragging males out of the

nest. When a male comes in contact with a winged female, he

mounts her back and attaches his reproductive organs to the tip

of her abdomen. She either remains quiet, or else gently nibbles

the abdomen of the male with her jaws. After a few minutes

of intimate contact, the ants separate ;
each to repeat the act

with some other ant. This coition always occurs either on the

ground or on a blade of grass or a low weed
;
never in the air.
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That the same female accepts the attentions of several males and

that the same male serves several females I have established by

experiments conducted as follows : A number of males, captured

as soon as they alighted on the mound, were confined, by means

of cotton plugs, in a small test-tube. In a second test-tube, was

placed a single female. Into this second tube a single male was

introduced. As soon as the pair had separated after coition, that

male was removed and a fresh male introduced. This was

repeated until the female refused to mate. A dozen experiments
of this sort were conducted. The greatest number of males

a

a

FIG. 5. FIG. 6.

FIG. 5. Mound of P. badius, surface view, a, entrances ; l>, debris, mostly plant

matter, from the nest. There is a depression around the main opening. Greatest

length, 38 in.; greatest width, 31 in.

FIG. 6. Mound of P. badius, surface view, a, entrance ; b, debris, mostly plant

matter, from the nest. Scattered over the top of the nest, are numerous pebbles and

bits of coal. Near the opening there is a depression which slopes towards the open-

ing. Near the edge there are a few stalks of grass. Greatest length, 39 in.
;

greatest width, 34 in.

accepted by the same female was four
;

the least number was

two. After the last successful coition, the introduced male always

tried to copulate, but in vain. On the mound, on several dif-

ferent occasions, I have seen the same female copulate with two

different males.

In another series of a dozen experiments, several females were

removed from the top of the mound and confined in a cotton-

stoppered test-tube. In another tube was confined a male that

had just arrived at the mound. One of the females was intro-
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duced into the tube with the male. They copulated immediately.
As soon as coition was over, the female was removed and a

fresh female introduced. This was repeated until the male would

no longer mate. The greatest number of females served by the

same male was five
;

the least, four. After the last successful

coition, when a fresh female was added, the male would attempt
to copulate, but in vain.

These experiments show, conclusively, that the same female

may mate with several different males and that the same male

may serve several females. As to the number of services that

either may give or accept, these experiments do not give a final

FIG. 7. Mound of P. badius, surface view, a, entrances ; b, debris, mostly plant

matter, from the nest. The top is covered with pebbles. On the edge there are a few

stalks of grass. Greatest length, 40 in.; greatest width, 39 in.

answer
;
for there was no way of being sure that the female cap-

tured on the nest had not previously been served
;
nor could I

be absolutely certain that the male had not visited some other

mound and copulated before arriving at the nest.

From the above description, it seems evident that the mound
of this species is a device for promoting cross-fertilization^ The

large, conspicuous, expanse of barren land in the midst of vege-

tation serves as a stimulus to attract the flying male. Whether

this is to be regarded as a tropism or an ordinary reflex is more

than the experiments answer. That it is an instinctive response

is self-evident.
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There is a wide-spread belief that the male ant always dies

within a few hours after copulation. The following two experi-

ments show that, in this -species, the male may live for several

days after mating.

June 8, 1908.
- - Five males, captured just after copulation, are

confined to a Janet nest. June 10. --All are alive. June 1 1.

Two are dead and three living. June 12.- -Three are dead and

two living. June 16. Four are dead and one is dying.

FIG. 8. Mound of P. badius, surface view, a, entrances ; b, debris, mostly plant

matter, from the nest. The surface is covered with pebbles and bits of coal. Near

the edge a few grass stalks are growing, and, scattered over the surface, a few stalks

of dead grass are standing. Greatest length, 60 in.; greatest width, 42 in.

June 16, 1908.
- - Fifteen males, captured just after copulation,

are confined in a Janet nest. June 17.
- -All are alive. June

1 8. All are alive. June 19.
- -One is dead, one is dying, and

thirteen are alive. This series was interrupted by a forced ab-

sence from the laboratory.

In each of the above cases no male died until at least two

days had elapsed after copulation, and, in each case, some of the

males lived for several days.

Females captured immediately after copulation and confined in

a Janet nest, often did not shed their wings until at least two

days had elapsed. This is not in harmony with the belief that

all female ants shed their wings on the evening of the day on

which copulation occurs.
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CONCLUSIONS.

1 . At the mating time, the females of Pogonomyrmex badiiis

and the numerous workers roam about on their home mound
;

but the males fly away.

2. The broad, barren mound, situated in the midst of vegeta-

tion, arrests the males in their flight and thus promotes cross-

fertilization.

3. Mating occurs on the ground or on a blade of grass or on

a small, low weed
;

but never on the wing. This usually

happens on the mound
; but, sometimes, it occurs in the adjacent

grass.

4. The same female may be impregnated by several males, and

the same male may serve several females.

5. The male does not die until several days after mating.

6. The nest openings are closed by the ants at the close of

every day.
SUMMER HIGH SCHOOL,

ST. Louis, Mo.
,

April 9, 1909.



CONTACT ORGANS IN THE KILLIFISHES OF
WOODS HOLE. 1

H. H. NEWMAN.

In a former paper
2 the writer had occasion to describe certain

.interesting structures occurring as a secondary sexual character

in the spawning males of four species of Pceciliidae occurring in

the waters about Woods Hole, Mass. These structures were

designated "contact organs," the writer venturing to use a new

term for the reason that no very similar structure had been pre-

viously described. Contact organs seem to have a somewhat

similar function to that of the pearl organs of other authors, but

in structure they are utterly different.

Although these little organs have been observed on only four

species, it seems highly probable that they may prove to be

characteristic of the Poeciliidae, and hence of some systematic

importance.

OCCURRENCE.

Contact organs are found on all spawning males of the follow-

ing four species : Fundithis lieteroclitns, F. niajalis, F. diap/ianus

and Cyprinodon variegatus.

They occur regularly in the following regions :

1. On the rays of the dorsal and anal fins.

2. On the ventral fins in Fundulus keteroclitus and F. diaphanus.

3. On the margins of the scales of the sides, cheeks, snout

and top of head. In F. Jiiajalis they also cover the back from

the head to the dorsal fin.

These are the regions in the males that come into most intimate

contact with the female during the spawning act proper or during

the preliminary courtship. Differences as to the details of the

distribution of these organs among the species are closely cor-

related with differences in the spawning attitude.

In Fundnlus lieteroclitus the spawning takes place in pairs, a

Contributions from the Zoological Laboratory, University of Texas, No. 97.
2 H. H. Newman, BIOLOGICAL BULLETIN, Vol. XII., No. 5.
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female being clasped by only one male at a time. The two-

bodies are closely pressed together side to side, the tails turned

considerably to one side and the heads to the other. The male

Photographs showing scales with and without contact organs, X I2 -

FIG. I. Scale from the side of a large male /". inujaln.

FIG. 2. Scale from a corresponding part of the body of a large female F. majalis.

clasps the female securely about the body back of the dorsal and

anal fins, using as claspers his large, strong dorsal and anal.

For additional security the small ventral fins on the sides of con-

tact are locked. On the body the points of closest contact are

4 3

Photographs showing scales with and without contact organs, X I2 -

FIG. 3. Scale from the lateral line region between the dorsal and anal fins of a

spawning male Cyprinodon varie^atns.

FIG. 4. Scale from a similar location of a spawning female Cyprinodon variegatus.

the region of the sides between dorsal and anal fins and the side

of the head, which is bent sharply against that of the female.

The distribution of the contact organs is in detail just what might
be expected on the supposition that the name given them is apt.

The organs are largest and most numerous on the proximal

parts of the dorsal and anal fin rays and on a rather narrow zone

of the body immediately between these two fins. They are fairly^
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large and numerous on the sides of the head and on the ventral

fins, and comparatively small and scattering on the sides anterior

and posterior to the point of greatest pressure.

The distribution of the contact organs in F. diaphanus is strik-

ingly like that just described for F. heteroditus. The spawning
attitude has not been observed, but, from analogy, one might be

fairly certain that it closely resembles that of the latter.

F. majalis seldom spawns in captivity and when the former

paper was written the writer had never observed a case of spawn-

ing in this species. During the following summer, however,

several instances of this phenomenon came under observation.

F. majalis does not seem to spawn in pairs, but two or more males

cooperate with a single female. On one instance as many as five

males were seen piled in a struggling heap over one female. The

whole mass was in strong vibration and the surrounding water

was clouded with milt. Although the exact details of the spawn-

ing attitude could not be made out on any occasion, it is certain

that the points of contact are much less restricted than in F.

heteroditus. The nearest males clasp convenient parts of the

female and the outer males seemed to clasp the inner ones or to

crowd their bodies into the mass backforemost. The distribution

of contact organs accords with this rather promiscuous manner

of spawning. They are largest and most numerous on dorsal

and anal fins and on a zone- of the body between these fins.

There are none on the ventral fins as they could not be locked

in spawning. On the dorsal surface of body and head, on cheeks

and snout, they vary in size and abundance, but in many speci-

mens the ventral surface of the body and the ventral and pectoral

fins are the only parts not provided with them.

Cyprinodon variegatus, a small species with decidedly com-

pressed body, spawns in pairs in much the same fashion as

F. heteroditus, but the short body and very flat sides give a

greater area of contact between male and female. Corresponding
with this greater area of contact the contact organs are more

generally distributed over the body than in any of the other

species. On the very high dorsal fin, however, they are restricted

to the proximal portion of the rays, for only that portion can

touch the sharp-edged back of the female. They occur plenti-

fully on the smaller anal and ventral fins.
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In all species the contact organs occur on the top of the head

and upon the snout, places where there is little or no direct contact

in spawning proper. These regions, however, are used constantly

as contact surfaces during courtship and rivalry. During court-

ship the male swims beneath the female and seems to guide her

about from place to place by gently "butting" her with the top
or sides of the head. Rivalry in at least two of the species, F.

heteroclitus and Cyprinodon variegatits, is very intense. Two
males rush at one another head on and strike one another

savagely with cheeks, jaws and snouts. Such contests may be

6

Camera drawings of typical scales from the region between the dorsal and anal

fins of spawning males.

FIG. 5- Fundulus heteroclitus, X 1 6.

FIG. 6. F. diaphanus, X J 6.

FIG. 7. Enlarged detail drawing of a portion of the exposed margin of a scale

tajien from the side of a male F. majalis. The black region represents the horny

margin of the growing region of the scale that is prolonged into spikes that support
the contact organs. The stippled area represents the dermis. The clear outside area

represents the epidermis. The striated portion in the non-calcified portion of the

scale, X 3-

kept up at intervals for days. A number of specimens were ex-

amined after they had been engaged in combat for some time to

determine the effect of fighting upon the contact organs. In all

cases the latter were found to be much worn, many showing the

supporting spike stripped of dermis and epidermis. Apart from
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this no damage seems to have been suffered. No doubt the

violent contact of these organs is somewhat painful to both par-

ties in the struggle, for, judging by their nerve supply, they must

be very sensitive.

For diagrams showing the average distribution of contact

organs in spawning males of the four species see Text Plate II. of

the paper previously referred to.

ARRANGEMENT AND POSITION OF CONTACT ORGANS ON SCALES

AND FINS.

On the Scales. At the height of the spawning season they

occupy the entire free edge of the scales on which they occur,

standing out like curved fingers at an angle of about thirty de-

grees from the flat surface of the scale. The scales of the body

FIG. 8. Camera drawing (X4) f the head of a male Funditlus majalis witb

complete equipment of contact organs. Notice that the latter occur at fairly regular

intervals along all free margins of the scales.

proper have only an arc of their circumference free and hence

can produce contact organs only on this free surface (see Figs,

i, 3, 5 and 6). On the head and cheeks, however, many of the

scales are plate-like with the whole circumference free. In the

latter case contact organs occur around the whole margin. Fig. &

shows in detail the distribution of the organs on the head of typical

male of F. majalis, in which the scales show varying amounts of



CONTACT ORGANS IN KILLIFISHES OF WOODS HOLE. 175

free margin. The only scales with entirely free margin shown

here are certain small ones on the snout. On top of the head,

however, there are several large plates with the entire margin

free.

On the Fins. Fig. 9 is a camera drawing showing the distri-

bution of the organs on the anal fin of a large male F. majalis.

It will be noted that they are largest and most numerous on the

ends of the rays of the small ventral lobe, the part most closely

pressed against the body of the female in spawning. They occur

FIG. 9. Camera drawing (X 4) f the ventral fin of a very large male F. majalis.

The preparation was cleared in strong KOH solution.

as branches from the bony fin rays, usually one or two to the

joint, and frequently form clusters at the distal end of the rays

where branching is occurring. Fig. 10 shows a condition of this

sort on one ray of the fin shown in the previous figure, where it

was impossible to show all of the elements in the terminal cluster.

The portion represented in solid black is the bony portion. It

will be noted also that the majority of the contact organs are

slightly hooked toward the base of the fin. This position should
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be effective in enabling the male to hold the female more securely.

In some specimens of F. majalis the organs are restricted to the

small posterior lobe. From the few observations made thus far

on the spawning attitude of this species it would seem that in

many cases the anal fin can play only a minor part in clasping.

Hence it may be that there is at present a tendency to reduce

the number of organs on this fin. The writer takes occasion to

point out this weak spot in the evidence in favor of the general

conclusion that the distribution of contact organs is intimately

correlated with the spawning attitude. The possible explanation

may lie in the fact that only a very few observations have been

made of spawning in this species, and the attitudes then seen may

depart somewhat from those assumed in the open. All observa-

FIG. 10. Camera drawing (X I2
)

f ^le distal portion of a single ray from the

posterior lobe of the anal fin of a spawning male F. majalis. The solid black repre-

sents the osseous structure of fin ray and contact organs, the single line the boundary
of the epidermal portions.

tions agree, however, as to the promiscuity of the spawning. In

both F. heteroclitus and Cyprinodon variegatus, in which all of the

details of the spawning attitude have been accurately determined,

the correlation between spawning attitude and distribution of the

contact organs holds without exception. The relationship of the

organs to the fin rays is the same, with minor differences, in all

species studied.

Structure. - - Attempts to section the contact organs were dis-

appointing. After complete decalcification there still remained

in the central supporting spikes crystals of some hard substance,

probably guanin, that resisted the knife edge and tore through
the section. Fragments of tissue from such sections revealed

the fact that the epidermal covering was thin and of the usual

type and that the dermal layer was much thicker and was com-

posed of rather loosely arranged connective tissue, blood vessels

and a few nerve fibers. A substitute method was found, how-
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ever, that served to reveal the essential histological structure

almost as well as the usual method of sectioning and staining.

Scales or fins were soaked for a day or more in rather strong

KOH solution. This treatment renders all tissues except the

osseous parts quite transparent, so that, by carefully manipulat-

ing the illumination, practically all details were revealed under

low powers of the microscope.

FIG. II. Camera drawing (X 60) of a single contact organ on a ray of the anal

fin of a male F. ma/a/is, cleared in KOH solution. The unshaded central portion

represents the osseous portion of fin ray and contact organ, showing the continuity

of the two. The stippled region is the dermis overlying the osseous portions. The

unshaded marginal portion represents the epidermis.

On the scales (see Fig. 7) the spike-like core is continuous with

the newest layer of osseous material, while on the fins (see Fig.

1 1) the core is of a piece with the outer layer of the fin rays. In

other respects the organs are alike in both locations. Surround-

ing the core which is dense and hard, although somewhat elastic,

is a thick layer of dermis, more abundant near the tip of the or-

gan. The comparatively thin epidermis seemed to be stretched

over the tip of the organ and was frequently broken. Near the

base, however, it was as thick or thicker than the dermis of that

region. The difference between these structures and pearl or-

gans may be seen at once in the comparatively secondary impor-

tance of the epidermis and in the core of dermis with its osseous

support. The pearl organ is merely an epidermal callosity.
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ORIGIN, DEVELOPMENT AND DISAPPEARANCE.

In order to determine how early in the season the contact

organs begin to make their appearance, a number of specimens
of the two species most accessible, F. heteroclitus and F. majalis,

were very kindly collected for me by Mr. G. M. Gray, of the

Woods Hole supply department. The results of the examina-

tion of these specimens are shown in the following tables :

TABLE I.

(F. heteroclitus males, collected April 27, 1907.)
No. of Specimens. Distribution of Contact Organs.

5 A few on the posterior lobe of the anal tin.

3 Fairly numerous on the tips of nearly all of the rays of the

anal fin.

I Plentiful on the rays of the posterior lobe of the anal fin.

I Scattering distribution over nearly the whole area of the

anal fin.

I Numerous on all of the rays of the posterior two thirds of the

anal fin.

8 None.

According to these data the earliest appearance of contact organs
in this species is on the anal fin, especially on the posterior lobe

of the latter. They appear first upon the distal ends of the rays

and from there extend gradually toward the base. One is tempted
to suggest a correlation between the early appearance and the

functional importance of these organs. There seems to be no

doubt that the anal fin is of prime importance in clasping.

TABLE II.

(F. heteroclitus males, collected May 14, 1907.)
No. of Specimens. Distribution of Contact Organs.

3 On anal fin only.

z On anal fins and on the scales of the body zone between the

dorsal and anal fins.

5 None.

Specimens taken in large numbers about two weeks later nearly
all showed the full equipment of contact organs. The develop-

ment, therefore, is a very rapid one, taking place largely within

a fortnight.

The conditions in the other species (F. majalis) were some-

what different. Specimens collected April 27, 1907, showed no

contact organs. Those collected on May 14 of the same year
showed conditions tabulated as follows :
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TABLE III.

(F. majalis males collected May 14, 1907.)

No. of Specimens. Distribution of Contact Organs.

2 Fairly numerous on the cheeks.

4 On cheeks, top of head, and around eyes.

5 On cheeks, top of head, around eyes, and a few rudiments

on the body zone between dorsal and anal fins.

I Rudiments on cheeks and around the eyes, a few on the tips

of the anterior rays of the dorsal fin.

I Fairly numerous on cheeks and around the eyes, scattering

on top of head, a few on the dorsal fin, and numerous on

the body zone between the dorsal and anal fin.

I Numerous on cheeks and around the eyes, scattering on top

of the head, numerous on body zone between the dorsal

and anal fins, and on the distal portions of nearly all of

the rays of the dorsal fin, and a few on the posterior lobe

of the anal fin near the tips of the rays.

The order of appearance of the organs in the various regions

seems to be about as follows: (i) On cheeks and around the

eyes, (2) on top of head, (3) on the body zone between the

dorsal and anal fin, (4) on the dorsal fin, (5) on the anal fin.

Any attempt to correlate this order of appearance with the

relative functional importance of the organs in the different regions

meets at once with serious difficulties. It can hardly be sup-

posed that the organs in the head region are of more importance
as spawning accessories than are those on the dorsal fin. The

fact, however, that the organs on the head are used in the pre-

liminary phases of spawning, such as courtship and rivalry,

might better account for their early appearance. Thus the factor

of priority of functioning might be conceived of as outweighing
functional importance. In F. heteroclitus, however, the opposite

condition seems to prevail. The difference may lie in the fact

that, in F. heteroclitus the importance of the fins as claspers is

much more pronounced than in F. majalis.

The order of appearance of the individual contact organs on

the fin rays has been referred to. They appear first on the dis-

tal portion of each ray, but, as the ray increases in length, those

first formed are separated farther and farther from the tip of the

ray. Later they appear proximal to those that were first formed.

On the scales the first organ to appear is always located in the

center of the exposed arc of the scale. Many specimens of both



I SO H. H. NEWMAN.

species taken in April and in May showed, in certain regions, but

one contact organ to the scale. From the center they are pro-

duced outward in both directions. A common condition observed

in specimens of F. Jieteroclitus taken in May was that of one rather

large organ in the middle of the free edge, flanked on each side

of the center by a small organ. There is abundant evidence that

other organs may later be intercalated between those first formed.

The contact organs disappear for the season in about six to

eight weeks after the close of the spawning season. Specimens
collected early in September showed only the faintest traces of

the organs. Evidently, judging by appearances of these vestiges,

they are partly worn off by friction and partly resorbed. They
leave a permanent record of themselves in the angularly wavy
outline of the newest osseous ring of the scales. No such trace

seems to be left on the fin rays.

Function. Two possible functions might be subserved by the

contact organs, that of frictional surface on the parts of the body
of the male with which he holds the female in spawning, and that

of contact sensation. That the former function is well subserved

is evidenced by the roughness that one notes with the fingers

wherever the contact organs are well developed and numerous,
and by the fact that the male is actually able to hold the female

quite firmly for several seconds. The fighting males are able to

inflict any real injury upon one another by means of the contact

organs is highly improbable, although they strike one another

fiercely with parts well armed with the latter. That scales and

fins are decidedly sensitive to contact is well known. Micro-

scopic examination of these parts, prepared by special neurolog-
ical methods, failed to show that the contact organs were any
more richly enervated than the rest of the free edge of the scale

or the general surface of the fin. It is probably true, however,
that the projecting position of the contact organs renders them
more subject to contact sensation than the surrounding flat

regions of scales and fins.
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A CASE OF NORMAL IDENTICAL QUADRUPLETS
IN THE NINE-BANDED ARMADILLO, AND

ITS BEARING ON THE PROBLEMS OF
IDENTICAL TWINS AND OF

SEX DETERMINATION. 1

H. H. NEWMAN ANTD J. THOS. PATTERSON.

In a former contribution from this laboratory by A. M. Spurgin,

M.D., occurs the following statement :

" A year ago, Dr. \V. M.

Wheeler, of the School of Zoology, had the good fortune to

secure four embryos of the Dasypns novemcinctus from an adult

female which had been kept in the laboratory for several weeks.

. . . He found four placentas inclosed in one amnion, but has not

since had time to study the subject further."

When the writers arrived in Austin last September they made

arrangements to obtain material with which further to investigate

this suggestive problem, and were fortunate enough to enlist the

services of a naturalist living in a part of Texas where the arma-

dillo abounds. In this way we have been able to secure several

gravid females, from a study of which a number of interesting

facts have been brought to light.

There are always four embryos, corresponding in number to

the two pairs of mammae, which are thoracic and abdominal in

position. The embryos are not enclosed in one amnion, but each

has its own distinct amniotic envelope, the cavity of which does

not communicate with those of the adjacent amnia. This was

proved by the experiment of inflating one amnion and noting that

the air did not pass to the cavities of the contiguous amnia. The

four amnia, however, are enclosed in a single chorionic vesicle.

'Contribution from the Zoological Laboratory of the University of Texas, No. 98.

2 American Jottrttal of Anatomy, Vol. III., No. I.
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An examination of the external villous layer of the chorion shows

that placentation is unique in that areas of villi, although appar-

ently forming a complete zone about the equatorial region of the

uterine wall, are in reality arranged in four closely approximated
ovoid areas, two large and lateral in position, and two smaller,

one dorsal and the other ventral. The proximal (/. e., the pos-

terior or vaginal) and distal ends of the chorionic vesicle are

practically free of villi, except at each pole, where the presence

of a small tuft of villi causes the chorion to adhere very firmly to

the uterine wall (see Fig. i).
The villous zone, composed as it

is of four ovoid areas, extends into the polar regions in the form

of four scallops at each end, and on the amniotic side of the four

scallops are situated the points of attachment of the four umbilical

cords (see Fig. 2).

In the advanced stages of gestation the chorionic vesicle is

shaped very much like a football, and the four lines on the inside

wall, along which the adjacent amnia meet, correspond to the

seams of the ball (see Fig. i).
In the young stages, however,

the chorion is in the shape of an octaedron with rounded edges,

and flattened dorso-ventrally, and has its entire surface covered

with villi (see Fig. 3). From this we may conclude that the

definitive condition of the placenta has been attained by a locali-

zation of the villi into ovoid areas, each of which is to be looked

upon as the vascular center for an umbilicus.

The points of attachment of the umbilical cords lie close to

the amniotic partitions, and when the chorion is viewed from the

distal end the cord in each case is seen to be situated just to the

right of the partition (see Fig. 2). In embryos about one fourth

grown the partition between any two contiguous embryos may
be easily separated into its component parts, but in older stages
the fusion of the membranes is so complete that separation is

impossible. In late stages, therefore, the chorionic cavity is

completely divided longitudinally into four separate compart-

ments, each of which contains an embryo. Although the por-
tions of the chorionic wall that lie between the successive amni-

otic partitions are in the form of quadrants, yet they do not

coincide with the ovoid areas
;
for the partitions do not meet the

chorionic wall in lines corresponding to the divisions of the ovoid
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FIG. I. A diagrammatic representation of an approximately dorsal view of a

chorionic vesicle taken from the uterus about two weeks (estimated) before the young
would have been born. Three of the ovoid areas are in view, and the broken lines

represent the lines along which the amniotic partitions meet the inside wall of the

chorion. The clear areas at the ends are broken into by the scallops of the ovoid

areas. In this, as in the succeeding figure, the points of attachment of the umbilical

cords are indicated by large dots. Note especially that the indentations between the

scallops of areas 3 and 4 are much shallower than those between areas 2 and 3,

leaving a broader connection between the former than between the latter. This is an

indication that embryos 3 and 4, located respectively on dorsal and left lateral areas

(similarly embryos I and 2, located on the ventral and right lateral areas), are natural

pairs. For the significance of this arrangement see table and text. One half natural

size.

FIG. 2. A view of the distal end of the preceding figure. This is introduced to

show the relation existing between the amniotic partitions within the chorionic cavity.

The figure also brings out the fact that the embryos may be paired, together with the

ovoid areas to which they are attached by the umbilical cords. One half natural size.

FIG. 3. This shows a chorionic vesicle in situ, as revealed by splitting open the

uterus along the mid-ventral line. The age of this vesicle is estimated at one month.

Unfortunately the splitting was done before the specimen reached our hands, and ex-

tended so deep as to divide the vesicle into two parts. The parts, however, were

well preserved in sitzt, and the reconstruction could be made with certainty. Note

that the vesicle is octaedronal in shape, and that its entire surface is covered with

villi. Natural size.
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areas, but each partition passes through the middle of an area

and thus intersects the apices of the proximal and distal scallops

(see Fig. i).
The four partitions, furthermore, do not meet

within the cavity in a line corresponding to the polar axis of the

vesicle, but are fused in such a way that the cavities containing

the embryos numbered I and 3 meet on their inner faces, while

those containing 2 and 4 do not (see Fig. 2).

In a note in the current issue of Science (April 30) Professor

H. H. Lane gives a brief account of placentation in the armadillo

that differs in a number of particulars from the above. The dis-

crepancies might be explained by the fact that Lane's account

rests upon observations made upon a single deciduate placenta,

taken after the birth of a litter. In addition to its incompleteness,

his account differs from that offered here chiefly in locating the

points of attachment of two of the umbilical cords on each of

the large "disc-shaped areas," and none on the smaller areas.

This condition is certainly not found in any of our material.

A more fundamental difference between the two accounts lies

in the interpretation of the condition of the chorion, Lane hold-

ing an opinion completely out of accord with the facts here

presented, that the definitive chorion is the product of a complete
fusion of four chorionic vesicles into one.

The unique interest of this case lies in the fact that the four

embryos of a given set are not only invariably of the same sex,

but are practically identical in many other respects. Measure-

ments of the body and head lengths showed no essential differences

between the individuals of a set of quadruplets, but a more search-

ing comparison, consisting of carefully confirmed counts of the

total number of plates in the nine bands of the armor, revealed,

as one might expect, slight departures from complete identity.

The results obtained from the examination of two sets will serve

to indicate the small range of these departures.

Set A (Females). Set B (Males).

No. 1 556 (-4 I) plates
1 No. 1 571 (+2) plates

No. 2 555(+2) " No. 2 573 (+i) "

No. 3 553 (+ 2
)

" No. 3 569
No. 4 551 ( + 4)

" No. 4 568
"

1 The numbers enclosed in parentheses refer to certain rudimentary plates that are

more or less united with other plates. It is impossible to tell in the embryos whether
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In both cases the range of variation is five, or less than one

per cent. The difference in totals between the two sets is very
much greater a difference that does not indicate a sexual

dimorphism, for an examination of five unrelated specimens of

both sexes that happen to be on hand, shows a range of from

547 to 575 plates, a variation nearly six times as great as that

existing between a given set of quadruplets.

This very marked similarity among the individuals of a given
set suggests that we have here a condition showing a degree of

identity that, in all probability, is at least as close as that found

in the well-known case of "true" or "identical twins" in the

human race, where it is supposed that each embryo arises from

from one of the two blastomeres of the two-cell stage. In the

case of Dasypns, each embryo probably arises from one of the

blastomeres of the four-cell stage.

This immediately turns our attention to a further consideration

of the foetal membranes, the amnion and the chorion, and of the

manner in which they arise. It was stated above that each em-

bryo is enclosed in a separate amnion, and that the four amnia

are within a single chorion. We say single chorion advisedly,

because its surface gives no indication of being a multiple struc-

ture, that is, the product of the fusion of four chorionic vesicles

at an earlier period, as suggested by Lane; nor do the facts

revealed by a study of sections of the chorionic wall seem to bear

out such an interpretation. One must admit, however, the great

difficulty of any attempt at a correct interpretation of the exact

relationship existing between the foetal membranes as seen in

these advanced stages. The solution of that problem must be

sought in a study of young stages, when the membranes are in

process of formation.

To have four ova ripen., be fertilized, and reach the uterus at

the same time, and always arrange themselves in a definite fashion

or not these small plates would later have become separated off to form distinct ones,

but we are inclined to believe that such is the case, for in the adult armor there appear

to be no signs of double plates. If we count these rudimentary plates as complete

plates, then embryos I and 2 (Set A) would have exactly the same number of plates,

as would also embryos 3 and 4. The numbers of plates in the corresponding embryos
of Set B, although not identical, differ to the minimum extent, one plate in each

case.
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with reference to one another and to the uterine wall, would be

in itself a remarkable coincidence. The chief difficulty, however,

in the way of accepting the view that the chorionic vesicle is a

multiple structure lies not so much in the interpretation of the

relation existing between the foetal membranes, nor in the dis-

covery of the mechanics involved in the attainment of such a

relation, as in the explanation of the fact that the embryos of any

given set are always practically identical and of the same sex.

At first sight it might seem that this identity could be explained

by the fact that the embryos are apparently under the same

environmental influences, inasmuch as they are enclosed within

a single chorion. But in reality they are not under exactly the

same influences, for each embryo has its own amnion, and is,

therefore, surrounded by a fluid apparently as distinct as though

each were in a separate chorion. This forces us to the conviction

that the four embryos of a set are derived from a single egg.

If this is the case, one can only conjecture as to the manner

in which the conditions seen in the older stages have arisen, and

any suggestions which we may have to offer at this time must

be taken as tentative. It may be supposed, for example, that

the developing egg, after it has reached a stage corresponding to

that of an inner-cell mass and trophoblast in other mammals,

has, in the case of Dasypns, four inner-cell masses a cell mass

for each quadrant ;
and furthermore that the cells of any given

inner-cell mass, together with the trophoblastic cells of its 'quad-

rant, are the lineal descendants of one of the blastomeres of the

four-cell stage. This possible interpretation receives a striking

confirmation in the fact that the four embryos can be arranged

into two pairs, the individuals of which approach almost com-

plete identity ;
and these identicals are not only adjacent to each

other, but are also attached to placental areas that are closely

united (see Figs. I and 2 and table). If all four embryos are

derived from a single egg, this is exactly what we should expect

to find
;
for surely the two individuals derived from one of the

blastomeres of the two-cell stage ought to be more nearly sim-

ilar to each other than to the individuals of the other blastomere.

If the above be granted, it is an easy matter to explain the origin

of the conditions found in late stages ;
and the condition of a
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single chorion with four amnia would receive a rational expla-

nation.

We are, of course, aware that other possible interpretations

might be given, such as has been offered from time to time

to account for human identical twins. Our studies of the

ovarian tissues of Dasypns have excluded the most plausible of

these, viz., that the ovum may have more than one germinal

vesicle. Further investigation will have to settle the next most

plausible explanation offered, that the polar bodies may become

functional. None of the other suggestions found in the litera-

ture seems as credible as the view to which we incline, and in

support of our contention we have facts derived from an examina-

tion of two sets of ovaries from gravid females. In one set

there is but a single corpus luteum, and, while in the other there

are two corpora lutea, one has practically disappeared, and evi-

dently had been formed during a previous pregnancy.
After all, the development of the fcetal membranes is a matter

of secondary interest, as compared with the more fundamental

problem of the identity of the embryos of a set, and its corollary

that of sex determination. The bearing of this work on the

latter problem is obvious, and we hope that a study of the early

developmental stages will lend a solution to this problem, and

also furnish a satisfactory explanation of the puzzling question

of "identical twins"
;
and thus raise this explanation from the

plane of conjecture to the dignity of observed fact.

AUSTIN, TEXAS,

April 30, 1909.



THE GENERAL BIOLOGICAL SIGNIFICANCE OF
CHANGES IN THE PERMEABILITY OF THE

SURFACE LAYER OR PLASMA-MEM-
BRANE OF LIVING CELLS. 1

RALPH S. LILLIE.

The osmotic properties of living cells have been the subject of

repeated investigation since the fundamental experiments of Pfeffer

and de Vries, and especially since the rise of the theory of

osmotic pressure and the extension of the gas laws to dissolved

substances by van't Hoff in iSS/.
2 One remarkable result, of

the highest significance for general physiology, has been perhaps

the main outcome of these researches
; living cells of the most

diverse kinds have been found to possess in common a high degree

of physical impermeability to most of the diffusible non-colloid

substances normally occurring in the cells and in their surround-

ings. The surface film or so called plasma-membrane of cells,

while readily permeable to water, offers a highly efficient barrier

at least during the resting or unstimulated state to the

entrance or exit of many dissolved substances of relatively low

molecular weight, even of those normally present in protoplasm,

as sugars, amino-acids, and neutral salts. This impermeability is

a property of the normal living cell, unmodified by experimental

conditions. A direct proof of this is the characteristic turgor of

plant cells, which is due to the osmotic pressure of crystalloid

substances dissolved in the cell-sap ;
it is clear that the osmot-

ically active substances sugars, organic acids, and other rela-

tively simple compounds are ordinarily unable to traverse the

limiting surfaces of the protoplasm ;
were they able to do so the

maintenance of the high internal pressures known to exist would

be impossible. Such impermeability is a peculiarity of the living

1 From the Physiological Laboratory, Department of Zoology, University of

Pennsylvania.
2 A full account of the earlier researches will be found in Hamburger's

" Osmo-

tischer Druck und lonenlehre in den medizinischen Wissenschaften," Wiesbaden,

I. F. Bergmann, 1902-4. See also Hober's "
Physikalische Chemie der Zelle und

der Gewebe, ad ed., Leipzig, Engelmann, 1906.
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cell and disappears at death, which is always associated with a

loss of turgor and a diffusion of dissolved materials (coloring

matters, etc.) from the cell. The increase in permeability may be

the consequence, or it may be the cause, of the death-process ;

at all events it is the invariable concomitant of the latter a fact

apparently signifying that the living condition is incompatible

with more than a temporary loss of impermeability.

The dependence of certain fundamental life processes (as

growth, which is a manifestation of osmotic energy) on the im-

permeability of the plasma-membrane is more clearly apparent in

plants than in animals. The proof that a similar impermeability

characterizes animal cells is due mainly to the use of the plasmo-

lytic method, which was first accurately applied to plants by de

Vries, and has later been extended to animal cells by Ham-

burger, Overtoil, Koeppe and others. The principle of the

method is well known
;
the turgor-pressure of plant cells, due to

the osmotic pressure of the cell-contents, may be compensated by

the application of an external osmotic pressure, provided that the

boundary surface of the protoplast is impermeable also to the

external solute
; over-compensation, with compression of water

from the cell and a shrinkage of the protoplast from the cellulose

cell-wall, results if the external pressure distinctly exceeds that

of the cell-contents
; under-compensation leads to absorption of

water
;
while with equality of external and internal osmotic pres-

sures no osmotic change is seen (cases of hypertonic, hypotonic

and isotonic solutions respectively). A means is thus afforded

of testing the permeability of the plasma-membrane to different

substances. If, using a moderately hypertonic solution of a given

substance, a loss of water results which remains permanent during

the period of immersion in the solution, impermeability relatively

to that substance is indicated (the case of sugars, polyhydric

alcohols, neutral salts).
If the cell loses water only temporarily,

afterwards regaining its original proportions, or even swelling still

further, gradual entrance of the substance into the cell is indi-

cated
;
such effects usually appear with solutions of urea, glyc-

erine, or glycol, to which most cells are slowly permeable. If

no plasmolysis results, even with strongly hypertonic solutions,

a free permeability to the dissolved substance must exist
;
hence
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such solutions typically induce swelling of cells
; many organic

substances, particularly fat-solvents, belong to this group.

Another method of testing permeability has been employed by

Hedin, which has the advantage of permitting of quantitative

application. A known quantity of the substance to be tested is

added to a given volume of a somewhat dense suspension of the

cells studied (chiefly blood corpuscles). After an interval the

mixture is centrifuged and the partition of the added substance

between cells and suspension-medium may then be determined

cryoscopically. The results gained by these two methods agree

closely. The permeability of animal cells has been studied in

considerable detail by various modifications of these methods.

Overton in particular has compared the respective permeabilities

of animal and plant cells and has shown that essentially the same

relations hold for both. The conditions are highly constant and

characteristic. All the cells examined have proved impermeable
to sugars, polyhydric alcohols (erythrite and higher), amino-

acids (glycocoll, alanin, leucin, asparagin, taurin), and most neutral

salts of alkali and alkali earth metals
; difficultly permeable to

dihydric alcohols, urea and glycerine ;
and freely permeable to

monohydric alcohols, ethers, esters, aldehydes, normal and sub-

stituted hydrocarbons in general to such substances as exhibit

in common the property of dissolving fats or of being dissolved

in them. In applying such methods it must be borne in mind

that many substances, including particularly the last named group,

alter the normal permeability of the plasma-membrane ;
allow-

ance has therefore to be made for changes in the normal perme-

ability due to the direct action of the substances investigated.

Most of the substances of the first and second of the above

groups have, however, relatively slight action of this kind
;
and

impermeability or difficult permeability to these substances

appears to be a very general if not a universal rule for both plant

and animal cells.

Impermeability to sugars, polyhydric alcohols, amino-acids,

neutral salts, combined with ready permeability to those various

organic substances which have in common fat-dissolving or lipo-

lytic properties, appears thus to be a fundamental characteristic of

living cells. The view that the surface layer of protoplasm is fatty
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in nature, early expressed by Quincke and others, has thus been

confirmed by a study of the permeability, since fat-solvents will

readily enter and traverse a layer consisting largely of fatty sub-

stances. Overton has shown that the permeability of cells is in

general such as would be expected if the plasma-membrane con-

sisted largely of lecithin and cholesterin, the chief members of the

so-called lipoid group of substances, which appear to be constant

constituents of protoplasm. He found that those dyes which

readily enter cells (infra vitam dyes) are very generally soluble in

lipoid mixtures or in organic solvents containing lipoids-- even if

insoluble in triolein and other simple glycerides-- while the

group of non-vital dyes, particularly the sulphonic acid derivatives,

are insoluble in such solvents.
1 A relation between lipoid-solu-

bility and ability to enter cells thus exists for dyes, according to

Overton. The rule that such solubility implies ready penetration

of a dye into a cell and vice versa appears, however, not to be with-

out exceptions ;

2 the matter is complicated by the readiness with

which the normal permeability may be modified by the very

presence of the substance whose penetration is in question.

There are, however, other facts which indicate that the distinctive

vital permeability of cells is intimately related to the presence of

these substances. Chief among these are the peculiar relations of

lecithin and cholesterin to haemolysis, a change which seems to de-

pend primarily on alteration of the permeability of the surface layer

of the erythrocytes ;
the action of various hasmolytic substances

(saponin, agaricin, solanin, cobra poison, tetanolysin) is furthered or

checked in a characteristic manner by the addition of lipoids to the

blood serum. Again, the observations of Pascucci 2
in Hofmeister's

laboratory on the permeability of artificial membranes impregnated

with lipoids, and on the composition of the stroma of blood cor-

puscles, afford strong support to the view that lipoids play an es-

sential part in the formation of the plasma-membrane. Naturally

the latter is not to be regarded as a simple layer of lipoids ;
it

appears rather to be a surface film of highly complex composi-
1 Overton,

"
Jahrbiicher fur wissenschaftliche Botanik," 34, 1900, p. 669.

2 Cf. the critique of Brailsford Robertson, Journal of Biological Chemistry, 1908,

vol. 4, p. i. Robertson nevertheless regards the surface film as partly composed of

lipoids, although he ascribes more importance to the surface film of modified protein.

3
Pascucci, Hofmeister 's Beitrdge, 1905, 6, pp. 543, 552.
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tion, probably consisting of a mixture of substances, chiefly

protein but largely lipoid, that have collected at the surface in

consequence of their effect in lowering surface-tension. Numer-

ous observations have shown that coherent films may thus be

formed at the boundary surface between two fluids.
l The phe-

nomenon is now recognized as a special instance of the operation

of a principle first defined by Willard Gibbs : conditions of equi-

librium require that substances which lower the surface-ten-

sion of a solvent should collect in the surface layers in higher

concentration than in the interior. Proteins and lipoids show this

behavior. It must be granted, however, that the conditions which

render the plasma-membrane of resting cells so peculiarly imper-

meable to soluble substances provided these do not alter its

chemical composition or colloidal consistency are imperfectly

understood. The facts of electrical stimulation indicate that the

characteristic electrically polarized condition or physiological

polarization of the plasma-membrane is a factor of fundamental

importance.

During the greater part of its existence the cell thus appears

almost completely shut off from osmotic or diffusive exchange
with its surroundings. It is evident, however, that this imperme-

ability to the food-materials and to the salts of protoplasm cannot

exist at all times and under all conditions
;
such substances do

enter the cell, and since such entrance implies penetration of the

surface layer, the latter must under certain conditions become

permeable. A specifically physiological problem is here en-

countered
;
either soluble food substances reach the interior of

the cell quite otherwise than by a simple process of diffusion, or

the permeability of the plasma-membrane must at certain times

undergo functional alterations so as then to admit such sub-

stances. There is in fact evidence that the permeability of the

plasma-membrane does increase at times, e. g., under the influence

of carbon dioxide, or during stimulation
;
and it is possible that

food materials may enter chiefly or exclusively at such times.

Nevertheless, the whole question as to the mode of entrance of

soluble food materials into cells still presents many difficulties.

1 Cf. Ramsden, Zeitichrift fur physikalische Chemie, 1904, vol. 47, p. 336. Met-

calf, ibid., 1905, vol. 52, p. 1. Literature and review in this paper.
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The process probably requires the performance of work on the

part of cells, just as does the separation of a secretion by a gland.

The kidney performs osmotic work in concentrating its secretion,

and the cells of the intestinal mucosa absorb many substances

against concentration gradients, a capability also implying per-

formance of work. The rapidity with which salts and food-

materials are absorbed seems indeed incompatible with the exist-

ence of an impermeable plasma- membrane ; yet whenever resting

cells are tested with regard to their physical permeability the

above unequivocal results appear. Evidently the decisive factors

in absorption as also in secretion are largely independent of physi-

cal diffusion.
1

Whatever the actual case may be and the problem remains

unsolved for the present
-- there is no doubt that impermeability

to the diffusion of many dissolved substances of low molecular

weight is a highly distinctive and even necessary characteristic of

living cells. The following considerations will make this clear.

Substances of relatively low molecular weight and high diffusi-

bility form an important part of the living protoplasmic complex.

In the specific metabolism of any animal the protein and carbo-

hydrate food materials are split respectively to amino-acids and

sugars, both highly diffusible substances
;
and many other diffu-

sible products important in metabolism are formed by oxidation

or hydrolysis. These substances must not be lost from the cell.

It is plain that any specific organism must exhibit a constant and

specific metabolism is indeed the product or the manifestation

of this. Now the existence of specific metabolic processes in any
cell requires the presence of many interacting substances in pro-

portions that must not vary widely from a constant mean
;

in

other words, constancy in the character of its metabolic processes

is essential to the specificity of a particular cell. Its protoplasm

may be regarded as a mixture of diverse yet constantly present

substances in an approximate chemical equilibrium of a highly

complex order. Any such constancy of composition, implying

constancy in the conditions of equilibrium, would be impossible in

a system not very completely isolated from its surroundings. In

1 Cf. Asher, Biochemische Zeitschrift, 1908, XIV., p. I,
"
Untersuchungen iiber

die physiologische Permeabilitat der Zellen."
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the cell this isolation is due to the presence of an impermeable
surface film. A marked degree of impermeability to the great

majority of its diffusible constituents is thus indispensable to the

continued existence of a highly complex heterogeneous system
like the cell. To certain substances like oxygen and carbon di-

oxide the plasma-membrane appears quite freely permeable,

though even in the case of these substances the permeability

seems to differ greatly at different times.
1

In general the con-

clusion seems justified that the presence of this impermeable

boundary is an indispensable condition of the most fundamental

chemical characteristics of living matter. We may say indeed

that just as the high development of chemistry would have been

impossible without the use of vessels in which the interacting

substances could be confined and isolated from the surroundings,

so the development in phylogenesis of the complex chemical spe-

cificity of living organisms has depended on the isolation of the

protoplasmic chemical system from its surroundings by a physi-

cally impermeable boundary. The impermeability of the plasma
membrane thus appears not as a merely incidental character of

living cells, but as a primary condition both of their development

and of their continued existence.

The non-permeability of cells to many electrolytes is an espe-

cially significant characteristic. Neutral salts of the alkali and

alkali earth metals are almost invariable constituents of proto-

plasm ; yet the plasma-membrane, as the investigations of Over-

ton and others have shown, is impermeable or difficultly permea-

ble to many if not all of these. This implies impermeability to

the undissociated molecules and to one or other or both of the

two classes of ions resulting from dissociation. If a membrane is

partially permeable to both ions of an electrolyte the chances are

that it will be unequally permeable to these
;
and the case is con-

ceivable that it should be freely permeable to one ion but not to

the other. Ostwald 2
in 1890 first directed attention to this possi-

bility ;
such a membrane, if interposed between two unequally

concentrated solutions of the electrolyte, would then be the seat

of an electrical potential difference, since there would be a sepa-
x The permeability to fat-solvents is an incidental, not a vital, peculiarity, since

these substances are not normally present in protoplasm or its surroundings.
2
Zeitschriftfur physikalische Chemie, 6, 1890, p. 71.
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ration of electricities due to the passage of a certain small pro-

portion of ions of one sign through the membrane
;
this would

continue until the electrostatic tension thus arising balanced the

osmotic pressure difference between the ions on opposite sides of

the membrane, when the ionic transfer would cease. A certain

potential difference constant (at a given temperature) with

unchanged permeability of the membrane and concentrations of

the electrolyte would then exist between opposite surfaces of

the membrane. The presence of membranes having such a dif-

ferential permeability in reference to the anions and cations of the

tissues might, Ostwald pointed out, be the source of the elec-

trical phenomena of living organisms ;
and this suggestion has

been further developed by Bernstein, followed by Briinings,

Hoeber and others. The theory based on this interpretation
-

the so-called " membrane theory
"

of the origin of the bio-electric

currents appears to-day as the most adequate explanation of

these complex and puzzling phenomena. Its merit consists

mainly in the introduction of a third variable in addition to

character and concentration of the ions at the boundary surface
l

namely, the ionic permeability of the membrane itself. This

is subject to more or less sudden alteration either in the direction

of increase or decrease
;
and the sudden and pronounced elec-

trical changes accompanying stimulation and inhibition, as well

as the remarkably high potential differences found in some in-

stances (electric fishes), become readily intelligible on this theory _

The outer uninjured surface of a resting cell e. g., a muscle

cell
2

always proves positive relatively to the interior when-

ever the latter is exposed by any kind of injury or by chemical

or other alteration of the surface. The membrane theory there-

fore assumes that the plasma-membrane is freely permeable during

rest to the cations of a certain electrolyte or electrolytes contained

within the cell, but not to its anions. This condition may, how-

ever, undergo temporary alteration, as during stimulation, when

there is invariably a fall in the potential difference between exte-

1

Assuming constant temperature.
2 Of course observation cannot be directly made on single cells unless on certain

egg-cells a possibility exemplified by Miss Hyde'sinvestigations cited below. The

above statement assumes that what is observed for parallel bundles of cells, e.g.,

such a muscle as the frog's sartorius, is true for single components of the bundle.
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rior and interior of the cell, such as would result from an increased

permeability to anions. During life such potential changes occur

only temporarily ; they are an apparently inseparable accompani-

ment of any form of stimulation. On the death of the cell, how-

ever, there follows a marked and permanent increase in the general

permeability, and this change is always associated with a perma-
nent fall in the potential difference between surface and interior.

That the normal potential difference observed during life is cor-

related with the normal impermeability of the plasma-membrane
thus appears highly probable. The plasma-membrane is hence

to be regarded as the seat, during life, of a permanent electrical

polarization which is diminished during stimulation, and disappears

or is greatly diminished at death, when the vital semi-perme-

ability is lost. The cation to whose penetration the external

positivity is due was at first supposed to be potassium, which is

present in relatively large proportion in the interior of vertebrate

muscle cells
;
but this is now known not to be the case. Were

it so stimulation would involve a loss of potassium salts from the

cell, of which there is no evidence
;
moreover Hoeber has shown

that increasing the external concentration of potassium ions does

not reverse the direction of the demarcation current. The indi-

cations point strongly to the rapid and highly penetrating hy-

drogen ion as the source of the outer positive potential of cells
;

and since acids, particularly carbonic acid, are known to be formed

in metabolism and to leave the cell during stimulation, there

exists in fact within the cell a constant source of hydrogen ions

to account for the characteristic surface polarization. That such

a system should show a surface polarization of the above kind is,

in fact, not surprising. The depolarization associated with stimu-

lation and with the death process implies the loss of the polariz-

ing electrolyte from the cell
;

it has long been known that car-

bonic and possibly other acids are evolved at such times in greatly

increased quantity.

Proofs that the surface layer of cells is unequally permeable to

the anions and cations of many electrolytes have been furnished

by the investigations of Hamburger, Koeppe, and Hober. 1

1 An account of these investigations is given in Hober's "
Physikalische Chemie

der Zelle," pp. 303 seq.
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These have yielded the result that under the influence of carbonic

or other weak acids
(/. e., of H-ions in low concentration) blood

corpuscles give evidence by showing an exchange of anions

with the surroundings or by characteristic behavior in electrical

convection of becoming much more freely permeable to various

anions (Cl, Br, SO 4 , HCO.^, NO3 )
than before, while the perme-

ability to cations appears unchanged. This increase in permeability

to anions is readily reversible on removing the carbon dioxide.

Proof is thus afforded that the permeability of cells to ions is a

variable quantity, which may undergo increase or decrease ac-

cording to circumstances. The theoretical importance of a

demonstration of reversible changes in ionic permeability is evi-

dent when we consider the essential role which, on the mem-
brane theory, such changes play in stimulation.

The permeability of the living cell is thus not a constant factor,

but one subject to alteration under a variety of conditions. The

reversible changes induced by stimulating or inhibiting agencies,

whose respective action appears to consist mainly in increasing or

decreasing the normal permeability, are of particular physiologi-

cal interest. Alterations of permeability are also induced by a

large class of foreign substances which act directly upon the

plasma-membrane. Such are in general : (i) The class of lipo-

lytic substances or organic fat-solvents
;
these directly affect the

lipoids of the plasma-membrane ;
if present in sufficient concen-

tration they produce marked increase in the permeability of the

surface layer of cells. The effect is conspicuous in pigment-

containing cells (erythrocytes, egg-cells, etc.) ;
the pigment leaves

the cells and colors the solution (haemolytic auction of fat-solvents).

Increase of permeability sufficient to allow the exit of colloid

substances is usually irreversible and destructive to the cell. (2)

Various electrolytes ;
these affect primarily the aggregation-state

of the colloids. Neutral salts of alkali and alkali earth metals

produce largely reversible changes in permeability ;
with salts of

heavy metals, and with acids and alkalis above low concentrations

the effects are irreversible, hence (in part at least) the greater

toxicity of this class of electrolytes ;
alkalis may have also a

saponifying action. (3) A large and miscellaneous class of poi-

sonous substances cytotoxins, haemolysins, alkaloids and gluco-
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sides of various kinds (saponin, solanin, agaricin, quillain, etc.);

these increase the permeability of blood corpuscles, liberating

haemoglobin and eventually destroying the cell. Such substances

alter the plasma-membrane partly by their action on the lipoids

(lipoid-soluble alkaloids), partly by some specific action on the

proteins, as apparently in the case of foreign blood sera. (4) Pho-

todynamic substances (eosin, fluorescein, chlorophyll,
1

etc.) ;
these

also appear to act in the light primarily on the plasma-membrane,

increasing its permeability. Tappeiner's observations 2 indicate

clearly that eosin solutions first effect the peripheral layers of the

cell. Paramsecia exposed to solutions of the dye in the dark,

washed free, and then exposed to the light are but little affected
;

blood corpuscles show a certain difference in behavior and allow

some entrance of the dye in the dark, but haemolysis is much

more rapid if the corpuscles are illuminated while in the solution,

than if, after equally prolonged treatment in the dark, they are

transferred to an eosin-free medium and then illuminated : i. e.,

the effect is largely if not exclusively dependent on a surface

action. Harzbecker and Jodlbauer
3
find the same general result.

Microscopical observation also indicates that the initial stage of

the destructive action consists in a disturbance of the osmotic

equilibrium between corpuscle and medium, such as would result

if the semi-permeability of the plasma-membrane were abolished.

The corpuscles first swell, indicating entrance of water
;
this occurs

before any perceptible entrance of the dye. P. v. Baumgarten
4

finds the same initial change in the action of haemolytic substances,

and has referred haemolysis primarily to a loss of osmotic equi-

librium consequent on alteration of the surface layer. This view

is also upheld by Hamburger.
5 The increase in permeability, in

addition to destroying the osmotic equilibrium, will naturally

further the entrance of the toxic substance and the action will

then affect the entire cell. In general toxic action must be re-

garded as depending in many cases primarily on an alteration,

particularly an increase, in the normal permeability of the cells.

1

Hausmann, Biochemische Zeilschrift, 1909, XVI., p. 294.
2
Tappeiner, Biochemische Zeitschrift, 1908, XII., p. 290; ibid., XIII., p. I.

3 Harzbecker u. Jodlbauer, Biochemische Zeitschrift, 1908, XII., p. 306.
4 P. v. Baumgarten, ibid., 1908, XI., p. 21.

5
Hamburger, loc. cit., vol. 3, p. 360.
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Hence the haemolytic action of many toxins: the injury to the

plasma-membranes is naturally not confined to the blood cor-

puscles the effect is merely most plainly evident in these cells
;

but all or most of the cells of the organism are to be regarded as

similarly affected.

The above substances produce irreversible or toxic changes in

cells by influencing through their chemical or solvent or coagu-

lative action the permeability of the plasma-membrane. Essen-

tially similar effects may result in many cases from moderate rise

of temperature. Thus exposure of frog's muscle to temperatures

approaching 40 for a short time produces the typical phenome-
non known as heat-rigor, in which the muscle shortens and

thickens while its substance undergoes complete coagulation and

acquires a pronounced acid reaction. A closely similar change

results when a muscle is immersed in a saturated solution of a

lipoid-solvent like chloroform in an indifferent medium (e. g.,

Ringer's solution). In both cases the changes in the muscle are

associated with a loss of semi-permeability and of electrical polari-

zation
;
and they are almost undoubtedly direct consequences of

this since neither the moderate rise of temperature nor the pres-

ence of chloroform has by itself any such coagulative effect on

the colloids composing the muscle substance
;
while loss of semi-

permeability, with consequent disturbance of chemical equilibrium

and production of acids, may readily produce just such effects.
1

Why such moderate heat should so profoundly alter the proper-

ties of the plasma-membrane is not evident at first sight ; possi-

bly the colloidal aggregation-state is the condition immediately

influenced by the change of temperature ; possibly the primary

effect is a chemical one.

The above are instances of artificially produced or pathological

changes in permeability. Normal or functional changes in this

property appear to be of frequent occurrence in living organ-

isms. Thus there is highly conclusive evidence that the general

process of stimulation is dependent on a temporary and reversible

increase in permeability. Very clear indications of this kind are

1
Compare my former paper, American Journal of Physiology, 1908, XXIT., pp.

81-83. Vernon, Journal of Physiology, 1899, XXIV'., p. 239, and Meigs, Arner.

Jottrn. Physiol., 1909, XXIV., p. 178, also regard heat-rigor as having no direct

connection with the heat coagulation of the proteins of muscle.
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seen in motile plant organs. The sudden movements of Mimosa

leaves, for example, result from a loss of turgor of the pulvinus

cells, due to escape of cell-sap a process which, as Sachs '

long

ago pointed out, signifies temporary increase in permeability.

Since the movement is induced by the same stimuli as cause

contractions in muscle-cells, and since it is accompanied by a

similar electrical variation or action-current (as Burdon-Sanderson

first showed), the inference seems natural that the primary change
in the stimulation of animal cells is also a temporary increase in

permeability. It remains therefore to inquire how such a change

could lead to such seemingly disproportionate liberation of chem-

ical and mechanical energy. I have recently discussed the rela-

tion of permeability-changes to stimulation in some detail and

need not repeat in extmso the facts and arguments presented in

these papers.
2

Briefly these are as follows: (i) Artificially-in-

duced increase in permeability through the action of various elec-

trolytes, lipoid-solvents, or protoplasmic poisons, produces con-

traction in muscle cells
; (2) the death change, which is associ-

ated with an increase in permeability, produces the same effect
;

(3) the electrical change always associated with stimulation is of

a kind indicating temporary depolarization of the plasma-mem-

brane
; (4) the loss of irritability at the height of stimulation

(refractory period) is what should be expected if the plasma-

membrane becomes freely permeable to ions at such times
; (5)

there are certain inorganic phenomena, showing remarkably close

analogies to stimulation, where the effect depends on dissolution of

a surface-film (pulsatile mercury and hydrogen peroxide catalysis

of Bredig and his pupils) ; finally (6) the chemical effects of stim-

ulation increased production of carbon dioxide with increased

acidity of the muscle substance, etc. receive a consistent ex-

planation on physico-chemical grounds if it is assumed that with

the increase in permeability the resistance to the escape of the

products of oxidation particularly carbon dioxide and hence

also to the progress of the oxidative energy-yielding reaction is

suddenly diminished
;
the velocity of this reaction hence under-

'Cf. Sachs' "Lectures on the Physiology of Plants," 1882. English translation

by Marshall Ward, Oxford, 1887, p. 653.
2 American Journal of Physiology, 1908, XXL, p. 2OO

;
XXII. , p. 75 ; 1909,

XXIV., p. 14.
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goes a corresponding sudden increase. Inhibition is to be re-

garded as the inverse of stimulation and as dependent on still

further decrease of the normal resting permeability.

Other instances of functional increase in permeability are ap-

parently seen in gland cells during periods of activity. Certain

influences that stimulate or heighten the irritability of muscle

cells, as the action of pure solutions of many sodium salts, also,

according to Fischer's and J. B. MacCallum's researches in

Jacques Loeb's laboratory,
1 increase the permeability of the

kidney tubules and of the intestinal epithelium ;
the effect is

checked or counteracted by the presence of calcium salts, as also

in the analogous case of muscular twitchings ;
and according to

MacCallum haemolytic substances substances that increase the

permeability of blood corpuscles very generally exhibit a

diuretic action, /. c., increase the permeability of the kidney cells.

The fact that stimulation of a gland through its nerve, as well

as of a muscle, has as one of its consequences a characteristic

electrical variation also indicates an increase in ionic permeability

during stimulation. On the other hand, the recent results of

Asher 2 with the salivary gland and the liver do not altogether

bear out MacCallum's interpretation, but indicate that with such

cells the specific selective power or "physiological permeability"

is largely independent of externally induced changes in physical

permeability. The selective action of gland cells appears indeed

to be their distinctive property, and this must depend on work

performed by the gland cell. Nevertheless alterations in physical

permeability in all probability play an important role in glandu-
lar activity, as the conditions in the kidney indicate, although in

the case of glands with highly developed selective properties, as

the mammary gland or the liver, this factor may appear of subor-

dinate importance.

In a rhythmically automatic tissue like cardiac muscle the

phenomena of the action-current indicate on the above theory a

regular alternation of periods of increased and decreased permea-

bility corresponding respectively to the contraction and the relaxa-

tion phases of the beat. Similar rhythmical changes in permea-

1

University of California Publications, Physiology, 1904-5, Vols. I., II.

2
Asher, loc. cit.
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bility must be assumed to exist in other tissues that show a

markedly periodic activity, t\ g., automatic -nerve centers like the

respiratory center, or contractile structures like cilia and con-

tractile vacuoles. The case of cell-division, as seen for example
in the cleavage of an egg-cell, is another instance of a rhythmical

process which, reasoning from the above considerations, one might

expect to find associated with, and perhaps conditioned by, a

periodically recurring increase of permeability. It is in fact note-

worthy that conditions which produce increased permeability in

other cells as shown by their stimulating or haemolytic action

very generally initiate cell-division in unfertilized eggs ;
such are

the action of hypertonic solutions, of specific chemical substances

(weak acids, potassium salts, alkalis, various coagulative, cyto-

lytic and lipolytic substances), of mechanical treatment, of tem-

perature changes, and of the electric current under certain con-

ditions.
1

Loeb, in a remarkable series of experiments during the

past two years, has shown that, in addition to the class of lipoid

solvents, such substances as saponin, solanin, bile-salts, soaps,

foreign blood sera-- in general substances which, as shown by

their haemolytic action, increase the permeability of the surface

layers of cells may initiate cell-division in unfertilized ova. The

surface-layer of the egg first undergoes alteration with the sepa-

ration of a thin film --probably a haptogen membrane consisting

mainly of protein material the fertilization-membrane. Any
condition that produces this characteristic change may lead to

cell-division. The process by which the membrane is formed is

regarded by Loeb as of the same nature as the cytolytic process

which follows more prolonged action of the membrane-forming

solutions.
2

Cytolysis, however, may be simply a consequence of

loss of osmotic equilibrium, as above seen. The significance of

the fertilization-membrane has been the subject of much discus-

sion. The mere separation of a thin film from the egg-surface is

probably an accessory or accidental feature of the essential change

involved
;

it seems clear, however, that one important effect must

result from the removal of such a layer of material from the

1 Cf. the recent experiments of Delage, Archives de zoologie experimentale it gen-

erate, Ser. 4, T. 9, 1908, notes et revue, p. xxx.

2 Cf. J. Loeb, Biochemis<he Zeitschrift, 15, 1909, p. 269.
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plasma-membrane ;
the latter is, temporarily at least, thinned and

its permeability will therefore be increased. This increase in

permeability is, on the present view, the primary event in the initia-

tion of cell-division.

Why should such increase in permeability --granting that this

is the primary change induced by the above various forms of

treatment initiate so apparently complex a process as mitotic

cell-division ? The main factors in producing this effect are in my
opinion two : first, a disturbance of chemical equilibrium due to

an increase in the rate at which certain metabolic products (prob-

ably chiefly carbon dioxide) are lost from the cell
;
this is an

effect similar to that which, on the general theory of stimulation

outlined above, underlies the chemical effect of stimulation in

muscle
;
the precise effect of such a change will of course vary

from cell to cell. Second, a definitely localized increase in the

general surface-tension of the cell in consequence of a loss or

lowering of the electrical surface polarization.

If the entire cell be regarded as a drop of fluid with a distinct

tension at its boundary surface, it is apparent that a relative increase

in surface-tension over the general surface of the two hemispheres

combined with a relative decrease at the equator would result in a

drawing of the material toward the two former areas and away

from the equatorial region : a division of the drop into two might

thus result. Robertson has recently drawn attention to this pos-

sibility, and by a simple but ingenious experiment has shown

that a floating oil droplet may be made to divide symmetrically

into two by locally lowering the surface-tension along its equator

by means of a thread containing alkali or soap solution.
1

1
Robertson, Archivfur Entwicklun^smechanik, 27, 1909, p. 29.

It would seem that the effect of locally increasing the surface-tension would vary

with the mobility or fluidity of the substance composing the system. If the surface

layer possessed a high degree of viscosity approaching solidity an increase in surface-

tension over an equatorial band-like area encircling the cell might produce constric-

tion just as would occur, e. g., in an inflated rubber ball if the tension were suffi-

ciently increased about its equator. This was Biitschlr s supposition, which was later

favored by Erlanger and Conklin ; and by myself in an early paper. Dividing cells,

however, act very plainly like fluid systems (at least in many cases, e.g., starfish eggs),

and there are many theoretical grounds for preferring the above point of view (see

below). If the egg behaves like a drop of fluid the distribution of surface-tension

assumed above would produce the observed change of form.
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It can be shown by an application of the Lippmann-Helmholtz

theory, connecting variations of surface-tension with changes in

the potential difference at the boundary surface between two

phases,
1

that increase in the ionic permeability of the plasma-

membrane must result in an increase in the surface-tension of the

cell. The original theory of Helmholtz 2 that the tension be-

tween (e. ".) mercury and the adjoining solution is maximal with

zero potential difference, and diminishes as the potential differ-

ence between the phases increases in consequence of the static

charge effects at the boundary has required modification of

recent years, since the specific effect of the ions at the boundary

appears, apart from the potential difference, to modify the surface-

tension.
3

Gouy's
4 extensive studies have shown that various sub-

stances, including many non-electrolytes, may modify the surface-

tension of mercury. The observed surface-tension in any special

case is thus dependent on (i ) the specific nature of the adjoining

surfaces
; (2) the presence of foreign substances at the boundary,

and (3) the potential difference across the boundary. In view of

the sharply defined discontinuity between (e. g.} an egg-cell and

its medium the two may be regarded as separate phases,
5 and the

tension of the cell surface may be justifiably regarded as subject

to the same laws as that of the mercury surface. The nature of

the substances at the boundary surface and the potential differ-

ence across, this surface are thus the factors to be considered.

Although both are imperfectly known, certain facts seem well

established. The surface film of cells contains fatty substances

and proteins, both of which have marked effects in lowering the

surface-tension of water
; they will thus, in accordance with

Gibbs' principle, tend to collect at the boundary, and the charac-

teristics of the plasma-membrane are no doubt largely due to this

1

Lippmann,
" Relations entre les phenomenes electriques et capillaires," Annales

de chimie et de physique, 5me Serie, T. 5, 1875, P- 494-
2 Helmholtz,

" Gesammelte Abhandlungen," Bd. I., 1882, p. 925.
3 Cf. S. W. J. Smith, Philosophical Transactions, Series A, igco, 193, p. 47.

Also the papers of Warburg, G. Meyer, and Paschen.

4
Gouy, Annales de chimie el de physique (7), vol. 29, p. 145 ; (S), vol. 8, p. 291,

and vol. 9, p. 75.
5 The criterion for regarding two contiguous systems as distinct phases is essentially

that they shall be bounded by a definite surface of discontinuity exhibiting character-

istic energy relations (surface tension, etc. ).
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tendency. The presence of such substances implies that the sur-

face-tension of cells is at least much lower than that of pure
water in contact with air

;
it will be still further lowered in con-

sequence of the electrical surface polarization. The surface-ten-

sion of protoplasm is thus undoubtedly very low, and apparently

under circumstances may become even negative (e. g., formation

of pseudopodia) ;
the low value of this tension is shown by the

readiness with which minute portions of protoplasm --amoebae,

egg-cells, leucocytes, etc. despite the large ratio of surface to

volume, undergo flowing and spreading movements. Electrical

stimulation produces rounding of amoeboid cells a result to be

expected if the stimulus has a depolarizing effect with consequent

increase of tension
;
cold produces a similar change of form --a

consequence, possibly, of the characteristic negative temperature-

coefficient of surface-tension.

A part of the low surface-tension of cells is to be ascribed to

the existence of an electrical surface polarization. The evidence

that this condition characterizes all living cells, while largely in-

direct in the nature of the case, must on the whole be regarded

as strong ;
wherever a directly electrical test is practicable a po-

tential difference between exterior and interior of living cells may
be shown to exist, with outer surface positive ;

on stimulation,

death or injury this potential difference undergoes a decrease.

The explanation why increase of ionic permeability produces

partial or complete depolarization or fall in the potential difference

between exterior and interior of the cell is briefly as follows. It

is assumed that the plasma-membrane represents a partition freely

permeable to the cations (probably hydrogen ions) of certain in-

tracellular electrolytes (chiefly carbonic acid), but impermeable or

difficultly permeable to the anions (assumed to be mainly HCO3

~

and CO
3

=
)
and to the undissociated molecules. This means

that the velocity of the cation is practically unmodified by the

membrane while that of the anion is greatly reduced. Under these

conditions there will be a marked difference in the concentrations

of the electrolyte on opposite sides of the membrane
;
the poten-

tial difference between the two solutions will be that observed

between unequally concentrated adjoining solutions of an electro-

lyte with ions of unequal velocities. This potential difference E
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according to Nernst's formula l

may be estimated from the follow-

ing values :

// v RT c<>E -In-.
u + v q c

l

Generally, therefore, the greater the difference between the two

ionic velocities the greater the potential difference across the

boundary; hence this will be maximal with complete imperme-

ability to the anion, since then its velocity is reduced to zero at

the membrane and u vju -f v becomes unity. Normally, how-

ever, there is probably a certain permeability to the anion, since

carbonic acid is continually evolved from living cells, although

slowly in a state of rest
;
the potential difference in resting cells

may thus be supposed to approach but not to reach the maxi-

mum. If then the permeability undergoes an increase so that

anions may penetrate the membrane with considerable freeness,

i. c,, with increased velocity, the value of n vjn -f i> and also

of cjc
l
will decrease

;
the result will be a fall of the potential

difference across the surface. The extent of this fall will obviously

depend on the degree of the increase in permeability and may
show a considerable range of variability.

With decrease in the potential difference the surface-tension

must undergo a corresponding increase
;
this increase in surface-

tension is, on the present theory, the main condition of the form

change in cell-division. Other changes of form may naturally

be similarly conditioned
; irregular form changes are frequent in

unfertilized eggs in which division is induced by the artificial

parthogenetic methods
; regular cleavage would require a sym-

metrical distribution of the areas of increased permeability with

reference to the future cleavage plane.

In agreement with the above view of the nature of the chemi-

cal effects of stimulation, the initiation of the characteristic series

of chemical processes in cell-division is to be referred to a dis-

turbance of chemical equilibrium in consequence of the more

rapid loss of certain materials, perhaps simply carbon dioxide,
1 is potential difference in volts, u velocity of cation,

-' that of anion. R gas

constant, T absolute temperature, q quantity of electricity (coulombs) carried by a

monovalent gram-ion, In natural logarithm, <-j
and c,

2
concentrations of the dissociated

part of the electrolyte on opposite sides of the boundary surface, The ions are as-

sumed to be monovalent in this form of the formula.
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through the now permeable plasma-membrane. According to

Lyon's
1 observations the carbon dioxide production by the divid-

ing egg exhibits a rhythmical increase and decrease running

parallel with the rhythm of cell-division
;
the periods of increased

carbon dioxide production probably correspond to periods of in-

creased permeability.

Such changes ought, on the membrane theory, to be accom-

panied by changes in the state of electrical surface polarization.

Experimental proof of the existence of such changes is difficult

but probably not altogether impracticable. Miss Hyde has

attempted- -
using the capillary electrometer, with one electrode

on the blastodisc of dividing fundulus eggs, the other on the

opposite pole, to determine if, during cell division, any potential

difference makes its appearance between the dividing portion of

the egg and its unaltered general surface.
2 While her results are

not altogether unequivocal, they do seem to indicate that at or

about the time of cleavage the outer surface of the blastodisc

becomes negative relatively to the general outer surface of the

egg i. e., undergoes a change of potential similar to that which

occurs during stimulation, indicating increased permeability.

These important and interesting experiments should be repeated

and confirmed. There are in fact various indications that during
cell -division the potential difference between the exterior and

interior of the cell undergoes marked alteration. The disposi-

tion of the colloidal material of the cell at this time in the char-

acteristic radiations is strong confirmatory evidence
;

this phe-
nomenon plainly suggests the polarization of colloidal particles in

a strong electrical field. It is a corollary of the above theory
that with the appearance of an increased permeability imply-

ing depolarization of the surface layer the peripheral regions of

the protoplasm must become for a time at least, until the poten-

tials are equalized positive relatively to the interior. If the

voltage of the surface potential change is comparable to that of

the action-current of muscle, i. c., ca. 0.05-0.08 volt (as is highly

probable), a potential gradient of considerable steepness will exist

temporarily, at the time of increased permeability, between the

1 E. P. Lyon, American Journal of Physiology, 1904, XL, p. 52.
2 I. H. Hyde, ibid., 1904, XII., p. 241.
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peripheral and the central regions of the protoplasm ;
this may

be amply sufficient to account for the striking change in the con-

figuration of the cytoplasmic colloids.
1 The peripheral layer

would become positive relatively to the central region under the

conditions existing in such a system as a cell with a surface

polarization of the kind indicated. If we can draw safe infer-

ences from the cytological facts the astral centers do in fact show

the properties of negative regions.
2

I hope however to consider

the physiology of cell-division from the above point of view more

fully in a later paper.
3

1 It may be desirable to give here the estimate on which this statement is based. If

we assume that the surface potential difference due to the physiological polarization has

the same value as the potential difference of the demarcation current of muscle (ca. 0.08

volt) and that the fall of potential or negative variation during cleavage is equal to that

of the action current (fa. 0.05 volt), we infer that in the resting cell there is a potential

difference between exterior and interior equal to ca. 0.08 volt. This gradient, being due

mainly to the unequal permeability of the plasma-membrane to the two ions, exists

almost entirely between the inner and outer surfaces of the plasma-membrane ; the

interior of the cell (cytoplasm) would thus have an almost uniform negative potential

of about this value with little if any fall between its central and peripheral regions.

If now, in consequence of a sudden increase in permeability, the potential difference

across the plasma-membrane decreases by 0.05 volt, a gradient will temporarily exist

between peripheral and central regions of the protoplasm equal to this value, the most

negative region being that most remote from the periphery. A gradient of 0.05 volt

between the center and the periphery of a sea-urchin egg, diameter 0.072 mm., is a

gradient of 0.05 volt in 0.036 mm., i. e., i volt in 0.072 cm. or about 14 volts per

centimeter. The assumed potential differences may be too high, though they are typi-

cal of the directly observed values in muscle cells. The change in permeability is also

probably rather gradual than sudden. At least these considerations show that a strong

electrical field may arise between central and peripheral regions of the cell under

the conditions assumed. Of course no such potential difference could be main-

tained without the performance of electrical work on the part of the cell (assum-

ing the free movements of ions within the cytoplasm); but its existence for only a few

seconds might well produce the observed effects. This note, however, aims merely

at justifying the above statement in the text, not at a complete discussion.

2 Cf. my paper in American Journal of Physiology, 1905, XV., p. 46.

3 In my first paper dealing with the theory of cell-division (BIOLOGICAL BULLETIN, 4,

1903, p. 175) the system of astral radiations was recognized as evidence of an electrical

potential difference between peripheral and central regions of the dividing cell, and

the form change was ascribed to a capillary electric change of surface-tension. The

tentative hypothesis then presented to account for the general course of the process

was, however, quite different from that outlined above, and, with the exception of

certain details, will have to be abandoned.



A REEXAMINATION OF THE CYTOLOGY OF
HYDRACTIXIA AND PENNARIA. 1

W. M. SMALLWOOD.

The present report does not claim to be a complete discussion

of the cytological phenomena in the developmental history of

Hydractinia and Pennaria, nevertheless, it adds considerable new

data hitherto unpublished concerning the problem of the structure

of the egg, the migration of the chromatin, maturation, fertiliza-

tion and mitosis. However, the present paper cannot claim to

settle the controversy as to the existence of amitosis because the

results concerning which there may be some differences of opinion

have been negatively interpreted.

During the summer of 1906 Professor C. W. Hargitt asked me

to undertake a reexamination of some of his work on hydroids

paying particular attention to the cytological phenomena of the

early development, that being the point of most interest. The

results of Bunting, '94, on Hydractinia were not in agreement

with his observations on Pennaria, Eiidendriwn, Clara, etc., so

that he suggested that it might be well to restudy this form also.

While I have had opportunity to examine all of Professor Har-

gitt's preparations on the several hydroids studied by him, it

seems wise to confine this paper to Hydractinia and Pennaria.

It is not often that such a study as this is undertaken and when

it is there is involved a great deal of work that it would be super-

fluous to republish so that the present paper needs to be read in

connection with Bunting, '94, on Hydractinia and Hargitt, '04,

on Pennaria. At the beginning of this study, Professor Hargitt

explicitly stated that he wished to give me absolute freedom in

the problem and the interpretation of the results. This he has

done even to the extent of not seeing any of my preparations

until I turned over the finished paper to him.

When he asked me to undertake this restudy, he volunteered

to collect and preserve the material necessary. In this particular
1 Contributions from the Zoological Laboratory, Syracuse University, C. W. Har-

gitt, director.

209
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too much credit cannot be given Professor Hargitt for his per-

sistent experiments in trying to find a suitable fixing reagent for

these refractory eggs of hydroids. Had I been without the bene-

fit of his long experience, I doubt if the present results could have

been secured. He used, among fixing agents, Bouin's fluid which

has given the best fixation of any thus far tried and certainly

these preparations are superior in regard to their fixation to any
which he made during the preceding years of study. There is

very little doubt that the eggs of hydroids degenerate when left

in alcohol for some time and should be embedded in paraffin as

soon as possible.

It seems unnecessary to review the general literature on this

subject for this has already been well done by Hargitt in his

numerous papers and by Bigelow, '08. Professor Hargitt is so

well known as an authority on hydroids that it has seemed

unnecessary for me to make an elaborate critique of his papers.

Therefore, I have in most instances simply referred to the pages

where he discussed similar phenomena, elaborating only those

points upon which 1 have additional data.

ORIGIN OF THE EGGS IN Hydractinia.

The eggs arise in the entoderm close to the basement mem-
brane. Certain entoderm cells are directly transformed without

any immediately preceding cell division. These young ova are

distinguished by having a large nucleus and granular cytoplasm.

No special region in the polyp is devoted to the production of

ova as Bunting, '94, maintains and text-figures I and 2 demon-

strate. The young ova are as likely to begin their growth in the

cells in the base of the polyp as in those along the side.

GROWTH OF THE EGG IN Hydractinia.

The first apparent change in these entoderm cells which are to

become ova that has thus far been observed is a marked increase

in the size of the nucleus before the cell as a whole has under-

gone any change. The result is that the nucleus occupies most

of the cell, the cytoplasm being liniited to a narrow border. A
comparison of the nuclear contents at this early stage with the

surrounding entoderm cells shows that the nucleolus is increas-
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ing rapidly in size. In the entoderm cells it is so very small that

it is difficult to be sure of its presence in some cells, and the same

is true in some of the young ova, but in most instances it is a

clearly defined and easily distinguished body.

The most interesting change is found in the chromatin network.

In the young ova it is now in its most conspicuous state. From

FIG. I. Outline drawing of base of polyp to show the

position of the ova. ec, ectoderm ; en, entoderm; ov,

ova. Hydractinia.

pnorO
O

FIG. 3. Camera lucida drawing of the egg nucleus,

the larger circle, and the female pronucleus, the smaller

circle. TV/, nucleus ; pronl. 9 > female pronucleus.

FIG. 2. Outline drawing to show that sometimes the Hydractinian polyp branches.

B, base of polyp. Reconstructed from several sections.

this time on until new ova arise in a new polyp the chromatin

does not possess such distinctness. A loose network is distributed

through the nucleus with conspicuous masses where the threads

cross. The achromatic substance (residual substance of Lillie,

'06) does not stain in the acid or basic stains. The nuclear

membrane is very distinct, chiefly due to the fact that a con-

siderable amount of chromatin material seems to be directly in

contact with it. The cytoplasm is as yet free from the micro-

somes --minute granules which characterize the slightly older

ova.

The next step in this gradual transformation is the rapid in-

crease in the cytoplasm, accompanied by a growth in the nucleus.

The cytoplasm is now loosely sprinkled with microsomes, in
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places giving the appearance of a reticulum. With the accumu-

lation of the microsomes, the reticulate condition is obliterated

and the cytoplasm becomes a dense mass of microsomes. In

such young ova the achromatic substance of the nucleus takes a

plasma stain such as Orange G or Bordeaux red. The vacuola-

tion of the nucleolus has begun by this time, the vacuoles taking

the plasma stain. This vacuolation of the nucleolus is in agree-

ment with the many cases already described. The vacuolation

continues until the nucleolus disappears which occurs before

maturation. The growth, vacuolation and eventual disappearance
of the nucleolus is an event which takes place during the growth
of the egg, but is not synchronous with any definite phase of this

growth.

The young ova thus described are found in the entoderm at

the base, the side of the polyp, or in the gonophore. About this

time the ova take their permanent position (Bunting) in the gono-

phore, i. e., in the ectoderm where they increase greatly in size.

This increase in size is largely a matter associated with the growth
of the individual microsomes into small spherules. We are led

to believe from this study that there are also many microsomes

added which likewise are changed into spherules. These spher-

ules are so numerous in the adult egg as to conceal the ultimate

structure of the cytoplasm. They take a dense stain but not

always a homogeneous one. During this gradual growth, the

staining reaction changes, a change which can be readily seen on

a slide where all stages are represented. A number of such were

studied where all of the material had received the same treatment

from fixation to and including staining. On such a slide the young
ova are so deeply stained as to conceal most of the details of struc-

ture while the large eggs show but a faint response to the stain. But

when the more mature eggs are once stained in iron haematoxylin,

it takes considerable time to differentiate them in the iron so ten-

aciously do they hold the stain. Under these conditions one may
see on the same slide young ova black and blue-black in color

while the older eggs are hardly stained at all. Between these

two extremes, there are all gradations. This change in color

reaction is evidently due to the transformation of the microsomes

into spherules.



CYTOLOGY OF HYDRACTINIA AND PENNARIA. 213

CHKOMATIN CHANGES IN THE EGG OF Hydractinia.

While the cytoplasm is becoming thus transformed, the nucleus

has increased in size although it does not become more distinct.

The nucleolus is mostly occupied by a large vacuole. In place

of the sharply defined chromatin masses in the younger ova, there

is a marked change in this particular. The typical chromatin

reaction is hardly evident and the whole nucleus tends to take a

stain similar to the cytoplasm. The chromatin threads and

masses are less definite in position and arrangement. The ques-

tion naturally arises, what is becoming of the chromatin ? Can its

disappearance be traced into any part of the egg ? In o'her words,

is there a definite and specific migration of chromatin from the

nucleus into the cytoplasm ? The following facts are submitted

in answer to these queries.

While the eggs are still in the gonophore and the nucleolus is

becoming vacuolated, small particles of chromatin leave the nu-

cleus and wander out into the cytoplasm. Fig. I, PI. I., shows

the early stages of this process, some of the chromatin granules

are just emerging. Others have moved some distance. My at-

tention was first directed to this phenomenon by finding eggs

which showed conditions such as Fig. 2, PI. I., typifies. A num-

ber of densely staining chromatin granules are scattered in the

cytoplasm and mostly surrounded by a narrow clear area. These

masses of chromatin are small and usually single but occasionally

two or three are found in a single vacuole. The reason for

regarding these masses as chromatin is because they give the same

color reaction as similar shaped bodies in the nucleus
;
and for

the further reason which is obvious in Fig. I, namely, the actual

migration of the chromatin from the nucleus.o

When the size of the nucleus of the mature egg, i. e., before

maturation, is compared with the female pro-nucleus one is

strongly impressed with the great reduction in size. Text-fig. 3

is a camera lucida drawing of the outline of the egg nucleus as

represented by the larger circle, while the smaller circle within

represents the size of the female pro-nucleus. It must be appar-

ent at once that up to and during maturation there is a remark-

able reduction in the size of the nucleus which the maturation

phenomenon alone does not adequately explain. The nucleus
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loses a large amount of chromatin by direct migration into the

cytoplasm which is entirely independent of the chromatin dis-

charged during the formation of the polar bodies. The subse-

quent fate ofthis discharged chromatin has been studied with much

pains and it is the belief of the writer that it is something as fol-

lows : When the cytoplasm of the egg is examined after it has

been discharged from the gonophore there appear many areas

that are free from the characteristic granules of the surrounding

cytoplasm. These areas are usually round and contain small

particles that stain with Borax carmine or haematoxylin. They
look so' much like faintly staining nuclei that their appearance is

very confusing at first (Fig. 6). As segmentation progresses,

these areas tend to migrate to the periphery of the egg and are

occasionally so numerous that they form a nearly continuous row

around the embryo, Fig. 9. Eventually they are absorbed by
the cytoplasm. This explanation, then, traces the highly vacuo-

lated condition of the cytoplasm in Hydractinia directly to the

migration of chromatin from the nucleus before maturation be-

gins. A similar series of changes occurs in Pennaria but at a

different time.

LOCALIZATION OF THE FORMATIVE STUFFS IN Hydractinia.

The following extract indicates the extent of the previous de-

scription of the structure of the cytoplasm.
" Sections of the

egg show deutoplasm spheres distributed throughout the proto-

plasm, with the exception of the outer rim which is composed

entirely of protoplasm" (Bunting, page 215).

The cytoplasm exhibits a rather definite localization of the so-

called formative stuffs in the presence of a coarsely granular

crescentic area (picro-acetic fixation) located on the side of the

egg in which the nucleus lies the animal pole. The appearance
of these granules in Hydractinia is very similar to what Hargitt,

'06, p. 214, has found in Clava. In addition to these bodies there

are some minute bodies located around the periphery of the egg
in a narrow band which takes a deep blue stain (Borax carmine,

Lyons blue method). These particles do not stain readily and so

were overlooked by Bunting. By the regular haemotoxylin

methods they are usually indistinguishable from the other micro-
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somes and spherules. This gives three distinct bodies in the cyto-

plasm : (i) The ordinary bodies all through the cytoplasm and

usually interpreted as yolk masses
; (2) the coarse granules dis-

tributed in crescentic bands
; (3) the small bodies around the

periphery. The small peripheral granules remain on the outside

of the embryo during cleavage and can be traced into the planula.

In the planula they are confined to the ectoderm. The differen-

tiation and subsequent fate of similar particles has been made out

in Pennaria. The first and second class of granules are chiefly

confined to the mass of cells within the ectoderm of the planula,

although a few scattering granules are seen in the ectoderm.

MATURATION IN Hydractinia.

The following quotation reveals the extent of previous observa-

tions on this phase of development.
" The ovum while in the

gonophore has a well-defined nucleus situated above the center

of the egg, which fades from view when the ovum is deposited"

(Bunting, page 215). "In about fifteen minutes after the ova

are laid the polar bodies appear. When first observed two glob-

ules were present, one had been extruded, while the other one

was just appearing. One of the two divided subsequently, in a

plane at right angles to the first cleavage plane of the ovum.

Within ten minutes from the extrusion of the first polar body,
the second was ejected" (Bunting, page 216).

The nucleus during growth varies from round to elliptical and

in this latter shape the ends may nearly reach to the periphery

but until maturation begins, the nucleus is central in position. It

is to be regretted that more stages in maturation have not been

discovered notwithstanding the fact that large numbers of slides

have been made of eggs just after deposition. Maturation begins

before the eggs are discharged from the gonophore but just how

long I am unable to state. The fact that this process begins

while the eggs are still retained, makes the solving of the problem
tedious in as much as the gonophores are not set free as are the

medusae in Pennaria. Occasionally a gonophore containing eggs
is found among the recently discharged eggs and it was in such

that the first signs of maturation were detected. A large number

of slides were made of the large gonophores from colonies that
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were laying eggs when fixed but none of these showed any of the

maturation phenomena. Fig. 3, PI. I., shows the prophase of

the first maturation. The asters have moved part way around

the nucleus and a few spindle fibers are evident. The nuclear

wall on the side toward the middle has been partly broken down.

The chromatin shows but a slight tendency to take a stain although

it is collecting into definite masses. The chief importance of this

drawing centers around the process by means of which matura-

tion occurs, namely, the mitotic process.

When this material was collected it was not thought that mat-

uration began until after deposition because of the observations

quoted. For that reason much time was spent studying the eggs

just after deposition, but in all cases none of the earlier stages

were found. In two or three eggs undoubted polar bodies were

found after the eggs had been deposited, and such a case is

shown in Fig. 4, PI. 1. Fig. 4 represents the late telophase of

what I judge to be the second maturation. In the polar cell

there are several vesicles which probably represent chromatin.

In the egg the chromatin vessels are very small and grouped

among the remains of the breaking down astral fibers. These

vesicles collect into a single vesicle, the female pro-nucleus, Fig.

5, PL I-

Certainly these two figures do not furnish a complete account

of maturation, but they do show : (i) The nature of the process ;

(2) that this process begins in the gonophore ; (3) that Miss

Bunting's observations are not correct, because if what she ob-

served were polar bodies they would be found attached to the egg

before and after segmentation, but such is not the case. The

polar bodies usually drop off as soon as the eggs are discharged.

In all of the eggs studied but two were found which retained the

egg nucleus after the egg had been deposited.

One of the curious conditions is shown in Fig. 5, where the

female pro-nucleus lies next to the periphery of the egg with a

few fibers apparently starting from its outer pole. This was

thought for some time to mean the prophase in maturation, but

never could fibers or an aster be found at the inner pole. Just

why there should be a small furrow over this nucleus I do not

know, and such a furrow does not always occur. It might be
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thought to mean the beginning of segmentation, but such a furrow

may appear before fertilization takes place. In a number of in-

stances the nucleus in this same stage was seen to be partly pro-

truding from the substance of the cytoplasm, a condition for

which no explanation is offered. The chromatin in the female

pro-nucleus takes a faint stain up to the time of the first cleavage.

The differentiation of the egg of Hydractinia is very difficult, much

more so than in Pennaria, which makes the recognition of these

very arduous. In the region of the nucleus in Fig. 5 there are

several deeply staining particles which look much like chromatin,

but of their nature I am uncertain. That this nucleus is the

female pro-nucleus the following reasons indicate: (i) The ab-

sence of the nucleolus; (2) its relatively small size; (3) that it has

been traced directly into the first cleavage.

FERTILIZATION IN Hydractinia.

Thus far no sperms have been found in the eggs before they

were deposited but after deposition spermatozoa are seen in con-

tact with the eggs. The sperm head becomes transformed into a

vesicle soon after it penetrates the cytoplasm. There does not

seem to be any definite place where the sperm enters the egg.

During the progress of the male pro-nucleus through the cyto-

plasm, no aster was seen nor any definite path. The staining

reaction of this body is so very faint that it is made out only after

careful study with the oil immersion.

Fig. 6, PI. I., shows the approach of the male pro-nucleus and

the change in shape of the female pro-nucleus preparatory to the

prophase of the first segmentation. No asters or radiations could

be distinguished in connection with either of these pro-nuclei at

this stage. These observations further show that the egg nucleus

does not " fade from view when the ovum is deposited
"
but that

it can be traced continuously from the egg in the gonophore to

the first segmentation stage.

CLEAVAGE IN Hydractinia.

The difficulties encountered in differentiating these eggs has

made it almost impossible to discover a complete series of the

changes in any of the stages as many of the mitotic phenomena
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are visible only with the oil immersion lens. This means that

but few eggs will be cut in just the right plane to enable one to

make out the correct relations
;
and it also means that important

conditions will escape detection.

The first division of the egg into the two-cell stage is preceded

by the formation of a definite mitotic figure after the male and

female pro-nuclei have come together. The chromatin becomes

more responsive to stain and gradually condenses into a definite

number of very minute chromosomes. These chromosomes in

size and staining reaction are so similar to some of the granules

in the cytoplasm, Fig. 8, PI. II., that it is impossible to be certain

that they are chromosomes unless the spindle fibers are present.

This makes the determination of the number of chromosomes

difficult because when one has a cross-section of the metaphase

through the equatorial region, one cannot determine the relation

of the spindle fibers to the chromosomes and so cannot be certain

of their number. The task was a little easier in Pcnnaria, where

fourteen were counted in the anaphase, although here I am not

certain that this is the correct number. I think that there are

from twelve to sixteen chromosomes present in these hydroids,

the exact number remains to be determined.

The chromosomes form in the typical metaphase condition,

split and move toward each pole of the spindle. In the anaphase
distinct interzonal fibers are present. During the telophase the

chromosomes are transformed into a nucleus. This nucleus does

not necessarily assume the rounded outline but is often elon-

gated and even irregular in shape. The prophase of the next

cleavage frequently begins while the nucleus is in this condition,

Fig. 7, PI. I. In Fig. 7 a typical prophase of mitosis in cleavage

is shown. The faint asters are on opposite sides of the elongate

nucleus, and a few spindle fibers are forming preparatory to the

metaphase and the dissolution of the nucleus. The centrosphere

as shown in Figs. 7 and 8 will be discussed in a separate section.

A definite mitotic figure has been made out in all of the early

stages of segmentation and followed up to the planula stage. A
typical condition of the early embryo is shown in outline in Fig.

9, PI. II. The cells surround a cavity which is first seen in the

two-cell stage and is due to the separation of these first two cells.
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This cavity increases in extent as segmentation continues. After

a time the peripheral cells begin to segment in such a manner as

to set cells free in this cavity. The direction of the spindle in

Fig. 8 shows the method. Fig. 8 was taken from one of the

cells shown in Fig. 9 and in each of the remaining blastomeres

there is a mitotic figure, so placed as to give rise to a cell that

becomes free in the segmentation cavity. The segmentation

cavity finally becomes full of cells due to the setting free of cells

from the periphery and the subsequent division of these same

cells as they lie in this cavity.

MEMBRANES IN Pennaria.

First or False Membrane. The absence of a membrane or

membrane-like structure in the animal egg is doubted by some

notwithstanding that Wilson, '82, Metschnikoff, '86, Hargitt, '04,

and others have repeatedly stated that the eggs of hydroids are

naked. Brauer, '91, finds in Hydra, after the embryo is formed,

two membranes produced by the ectoderm, but the unsegmented

egg is naked. Previous studies in Pennaria make no mention of

an egg membrane, but the ectosarcal portion of the egg is de-

scribed by Hargitt as forming at times a filamentous membrane

around the cytoplasmic papillae. Aside from these references no

mention is made of membrane in hydroids.

When the eggs of Pennaria are well fixed in Bouin, and a

haematoxylin stain is followed by a plasma stain such as Bordeaux

red, a rather broad but uneven structure is

readily observed. It first forms while the

egg is still growing and is easily made out

while the eggs are still in the medusa.

The portion of the egg adjacent to the

manubrium shows pseudopodia-like pro-

cesses (cf. Hargitt) and between these pro-
FlG. 4. Outline draw-

cesses this structure is quite wide and
jng to show trje relative

irregular in width. After the eggs are de- thickness and variability

posited and have assumed the rounded out-
in width of the false mem'

brane. F. memb, false

line, this membrane-like structure appears membrane.

as shown in text-fig. 4. It is rarely of uni-

form thickness and usually shows one place that is bulging. Also
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in the laid eggs as segmentation begins and continues, it appears

torn so that some of the eggs will be only partly surrounded by it.

Some time during the progress of cleavage this membrane disap-

pears entirely. It is well known that the newly deposited eggs of

Pennaria are inclined to stick to bits of grass, a glass dish, etc.,

which is due to the adhesive property of the . false membrane.

The term false membrane is applied to this structure because it is

not permanent ;
and the term membrane is used because it seems

to serve the purpose and do the work of a real membrane. No
differential lamellae were visible in this false membrane either be-

fore or after deposition. Numerous sperm heads are frequently

to be distinguished within its substance. The inequalities in

thickness of the false membrane suggest that this substance is of

a fluid nature in the living egg and transparent. If this interpre-

tation prevails, then one can no longer speak of the eggs in Pen-

naria as being naked.

Second or True Membrane. After fertilization and with the

beginning of cleavage a second membrane begins to form
(cf.

Hargitt) which lies in close contact with the granules of the cyto-

plasm and completely surrounds each cell as it is produced in

cleavage. This structure compares favorably in appearance,

staining reaction, etc., with the regularly described egg mem-

branes of animal eggs and so is designated as the true membrane.

MATURATION OF THE EGG IN Pennaria.

From the early development of the egg up to the beginning of

maturation I cannot add any new data, but do confirm Hargitt's

('04, p. 456) observations. The extensive observations of Hargitt

as well as my present independent studies indicate that it is very

rare to find a polar body attached to the egg after deposition,

not one in one hundred will show a polar body at this time. It

is also very rare to find a deposited egg that still retains the egg
nucleus with a nucleolus. In fact this latter structure, the nu-

cleolus, has been taken as an indication of whether maturation

has taken place or not. Where it is lacking I have designated

the nucleus as the female pro-nucleus. The egg nucleus in Pen-

naria does not show any such great size as is found in Hydractinia

and varies but slightly from the female pro-nucleus which is



CYTOLOGY OF HYDRACTINIA AND PENNARIA. 221

always present in the egg previous to the beginning of seg-

mentation.

Sections of medusae after they have become free from the

colony and before the eggs are discharged may show the pres-

ence of polar bodies. Several different slides show conditions

such as are indicated in Fig. 10, PI. II. The first polar body is

being shoved to one side by the formation of the second. The

chromatin is in the form of three vesicles in the first polar body.

Even while the egg is in the medusa, the polar body may be

pushed some distance from the spot where it emerged which may
be due to the contractions of the bell of the medusa. The sec-

ond polar body has ten vesicles in two groups ;
while thirteen are

made out deeper in the egg. To the right there is one isolated

vesicle. This one and several of the thirteen contain granules of

chromatin. This interpretation of the vesicles grows out of my

FIG. 5. A regular segmentation stage, all cells in prophase.

study of the changes through which the chromatin passes during

cleavage. The several vesicles deep in the egg unite into a sin-

gle definite nucleus like the one in Fig. 11, PI. II. That these

polar bodies are formed by the mitotic process, there is but little

doubt because of similar conditions in Hydractinia where there

can be no doubt as to the beginning of the process ;
and because

of the state of the chromatin, which in this condition of several

vesicles, is entirely unlike the amitotic process of division.

In the same medusa from which Fig. 10 was taken there were
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three other eggs in the same phase of maturation. Pennaria was

collected by Professor Hargitt early in the morning and in the

afternoon but in the numerous sections made of the adult

medusae, none showed any earlier stages. With this data at hand,

however, it should be an easy matter to secure the intervening

stages which undoubtedly occur about the time the medusae are

set free. Sections of medusae still contained one or two eggs
which in each instance had completed maturation, Fig. 11, and

the polar bodies were not in contact with the egg. The condi-

tions shown in Figs. 47 and 49 by Hargitt are without question

polar bodies and probably the second. The state of the chroma-

tin vesicles in Fig. 47 is more regular than any that I have seen

which may be due to the preservation. They seem also to be

more scattered than any observed in eggs fixed in Bouin. The

clear area within the egg just beneath these vesicles was not seen

in the Bouin fixation. Another puzzling feature of this study on

maturation was the presence of small bodies attached to the sur-

face of the egg. They were especially noticeable on the eggs of

Hydractinia. After some study, it was apparent that they were

protozoa which in many instances looked exactly like polar cells

found in mollusca.

CHROMATIN CHANGES IN Pennaria.

The female pro-nucleus is a small, faintly staining body that is

found in eggs that are just laid and many that are still in the

medusa. Sometimes it was pointed at the outer end and pushed
close against the false membrane but it was never found protrud-

ing. It occupies this position until the approach of the male pro-

nucleus when it may move some distance from the periphery of

the egg. But before the fusion of the two pro-nuclei, there

occurs a series of unusual changes in the chromatin, especially of

the female pro-nucleus. Changes of a similar nature but not as

extensive are found taking place in the male pro-nucleus. The

chromatin changes described in Hydractinia preceded maturation.

These in Pennaria follow maturation.

It is difficult to determine whether there is any order to these

changes and so no attempt is made to decide which is the older

state in the series of Figs. 12 to 1 8. In several of these figures
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the male pro-nucleus is shown but its position, near or far from

the female pro-nucleus does not seem to influence the time when

the chromatin is to migrate from the nucleus. Immediately in

contact with each pro-nucleus, the cytoplasm becomes denser

and is composed of finer granules (cf.
also Hargitt, Figs. 48, 49,

50). But isolated or wandering nuclear vesicles usually lack

this modification of the cytoplasm which has been used to assist

in recognizing the pro-nuclei.

Figs. 12, PI. II., 15 and 18, PI. III., show some of the

chromatin granules close to the nuclear membrane as if they had

just emerged from the nucleus into the cytoplasm. In both

Figs. 15 and 18 these chromatin granules are on opposite sides

of the nucleus which indicates that their position is not the result

of the accident of cutting the sections. The male pro-nucleus in

Fig. 15 shows the same condition of the chromatin. After the

chromatin has been in the cytoplasm for some time, there are

found definite small vesicles usually empty. From the study of

mitosis in cleavage and the changes in the chromatin during the

anaphase and telophase, the suggestion that these vesicles are

the product of the transformed chromatin seems inevitable.

During this period, while the chromatin is migrating into the

cytoplasm, the chromatin both within and without the nucleus

takes a very faint stain so that the whole nucleus is easily over-

looked. Some of the most satisfactory results were obtained by

using Brazilian without the iron mordant. In no instance have

nuclei entirely devoid of chromatin been found. The vesicles in

Figs. 13, 14, 17, PI. II., and most of them in Fig. 12, are empty.
If the interpretation offered is correct, then there must be a very

large amount of chromatin that leaves the nucleus in Fig. 12.

The meaning of the large flask-shaped vesicle attached to the

female pro-nucleus in Fig. 15 is not understood.

There is some question as to whether this process takes place

in all of the eggs preparatory to cleavage, but that it is very
common and appears in well fixed eggs there can be no question.

On the same slides were found mitotic figures preserved in all of

their parts. The slides showing many of these phenomena were

examined by Mr. George T. Hargitt who is at work on a similar

problem at Harvard University and he confirmed the correctness
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of these observations. The conditions certainly exist as drawn

but more drawings could be made easily showing different rela-

tions of the chromatin masses and vesicles. The eggs just after

deposition do not show these chromatin changes. After a time

the chromatin that remains in the male and female pro-nuclei

increases in amount and takes a deeper stain until the chromatin

appears like that shown in Figs. 16, PL IV., and 19, PI. Ill-

Hargitt in Fig. 48 has two similar vesicles.

The vesicles last but a short time and usually are indistinguish-

able by the time that segmentation begins. But when such condi-

tions as shown in Fig. 16 exist in the presence of a small vesicle

containing chromatin near the female pro-nucleus and a second one

between the two pro-nuclei, these remain longer in the egg.

What their influence on subsequent development is, some light

may be gained by a study of Fig. 49 (Hargitt). In this drawing
there is a clearly defined mitotic figure with faint chromosomes

;.

and a short distance away, three asters and their connecting fibers

are around several vesicles. This Fig. 49 seems to be a later

stage in the transformation of some of these vesicles containing"

chromatin and indicates a pseudo-segmentation in that it is not

preceded by the fusion of the male and female pro-nuclei. It

hardly seems as if such conditions played an important part in the

future segmentation.

FERTILIZATION IN THE EGG OF Pennaria.

The spermatazoa penetrates the egg of Pennaria frequently

before deposition, but the penetration is usual after the egg is laid.

The false membrane may contain a large number of sperm heads

that were unable to gain admission into the egg. The sperm
head immediately after penetration becomes transformed into a

vesiculate body, the male pro-nucleus. No definite place of en-

trance, nor path through the cytoplasm, nor the presence of asters

could be determined. It remains smaller than the female pro-

nucleus and is surrounded by fine cytoplasmic granules. Figs.

15, PI. IV., 16, PI. III., and 18, PI. IV., give a good idea of the

male pro-nucleus.

Figs. 17 and 19 show the approach of the pro-nuclei. The

fine cytoplasmic granules surrounding the two bodies have united
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in Figs. 1 5 and 19 and may have a stellate outline. It was prac-

tically impossible in Fig. 19 to determine whether there was a

fusion at this stage of the two nuclei or whether they were merely
in contact.

Polyspennia. In Fig. 20, PI. IV., there are shown conditions

which seem to point strongly to polyspermia. The female pro-

nucleus is present and some distance away a single vesicle which

is similar in every respect to the male pro-nucleus of later stages.

The cytoplasm is indented just opposite as if modified by the

recent penetration of the sperm. Then close by this vesicle are

nine other vesicles, somewhat smaller but otherwise identical

with the single one. There is likewise the same modification of

the cytoplasm just opposite. The natural explanation seems to

be to regard these all as transformed sperm heads, and conse-

quently polyspermia. Fig. 21, PI. III., shows a second case of

probable polyspermia where there are three nuclei, one much

larger which is probably the female pro-nucleus. The other two

are interpreted as male pro-nuclei. That several nuclei may exist

previous to the first segmentation like this Fig. 21 and Fig. 48 of

Hargitt there can be no question and that they are in some in-

stances due to polyspermia I feel equally certain. But that this

is the exclusive interpretation I do not accept because nuclear

division may outrun cytoplasmic cleavage which results in giving

several nuclei in the cytoplasm as Figs. 43 and 43^ of Hargitt's

clearly indicate and I have confirmed. It seems more probable

that both explanations should be used in interpreting the mul-

tiple nuclear conditions.

CLEAVAGE OF THE EGG IN Pennaria.

This part of the paper on cleavage tends to show the manner

of cleavage rather than a detailed description of the process as

this has already been done by Hargitt. As was described in the

section on fertilization, the two pro-nuclei approach preparatory

to the first cleavage. Fig. 22, PI. II., shows the prophase of the

first cleavage. The female pro-nucleus has become much elon-

gated and there are distinct asters at each end. The spindle

fibers are just forming and the chromatin is still in the loose

stage ;
the chromosomes are yet to form. The male pro-nucleus,
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such of it as appears in the section, is near one end of the female

pro-nucleus and much smaller. In Fig. 23 is shown another

form of the prophase. This drawing was taken from the be-

ginning of the second cleavage. The small prophase spindle

lies entirely within the centrosphere and the chromosomes are in

the form of vesicles. That these vesicles are modified chromo-

somes is proved by the condition of the chromosomes at the

opposite pole of the old spindle where the process was not as

advanced. Here some of the interzonal fibers were still in con-

tact with the partly transformed chromosomes. The successive

cleavage is so rapid in this instance that the new spindle has

formed before the vesicles have united into a single vesicle, the

nucleus. Nevertheless a normal spindle will result when the

chromosome vesicles are transformed again into chromosomes.

It is the study of such changes as these in the chromatin that

convinced me that the vesicles in Fig. 10 were modified chromo-

somes and the vesicles in Figs. 1216 were formed through the

influence of chromatin astray in the cytoplasm. A third form of

the prophase is quite common, Fig. 24, PI. IV., where the nu-

cleus is much elongated or somewhat irregular in outline. This

prophase stage is farther advanced than the two previously de-

scribed. The asters are larger and the forming spindle fibers

more pronounced at each end. The chromatin has begun to take

a deeper stain. In some respects all of these three forms of

prophase are different, but the differences are not fundamental, and

plenty of similar variations are known in other animals. They
are all unmistakably by the mitotic process.

The metaphase is as typical as exists in any mitotically divid-

ing cell. The chromosomes split and move to each pole, Figs.

23, 26, 27, PI. II. During the late anaphase and early telophase

the chromosomes become transformed into vesicles, Figs. 27, 23,

may or may not unite into a single vesiculate nucleus before the

next cleavage. I have been able to trace the nucleus contin-

uously from its state in the unmaturated egg through all of the

cleavage states. At no times does it dissolve other than in the

normal mitotic changes. At no time does the total contents of

the nucleus become dissipated throughout the cytoplasm to reform

into separate nuclei. Other than the chromatin changes just
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previous to segmentation, the nuclear phenomena in Pennaria ap-

pear perfectly normal.

Sometimes the cleavage is very regular as text-fig. 5 indicates,

each cell shows the nucleus in the prophase and apparently so

placed as to give off cells in the clockwise directions. The tilt-

ing of these nuclei and the perfect regularity is so apparent that

this drawing might have been taken from an annelid or mollus-

can embryo, but in this same group of cells there was a most

irregular embryo so that this regular condition is nothing more
than an accident and is the only regular embryo among many
sections.

THE CENTROSPHERE IN THE EGG OF Pennaria.

It is difficult to decide on any of the old terms to describe the

conditions in Pennaria. If the term centrosphere may include

sphere and centrosome, the latter being potentially present only,

then this may be taken as an acceptable term.

If there is a centrosome present in these eggs then it is an un-

stable body which varies greatly and is recognized with much

difficulty. In all cases of the prophase, there remains a small

clear area from which the fibers radiate but into which they do

not penetrate. Fig. 24, PI. III., shows a few fine granules in

this area but their size, number, and staining reaction does not

indicate that they are at all constant, nor can one detect that there

is any inherent relation between these granules and rays or

spindle fibers. That there is probably some substance that plays
the part of a centrosome is apparent in Fig. 23, PI. III., where

the whole new spindle lies entirely within the old centrosphere.

Therefore, it seems as if one might say that certain of these gran-
ules have potential centrosome properties and are possibly in the

way to become differentiated
;
that is to say, that the elaborate

centrosomes of mollusca for example indicate a higher degree of

differentiation, while in these hydroids a similar result is produced

by several granules which cannot be differentiated from the rest

of the sphere substance.

The transformation of this centrosphere keeps pace with the

changes in the chromosomes. By the time that the anaphase is

reached the centrosphere substance has increased greatly in size,
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Figs. 25, 26
;
and in late anaphase is very conspicuous, Fig. 27.

After the metaphase stage, the astral fibers are mostly composed
of granules, Figs. 25, 26. The interzonal fibers persist for some

time and are frequently bent as the cleaving cytoplasm passes

through them. At such times, the chromosomes lie at each end

of a V-shaped figure. As the fibers disappear and the chrom-

osomes become transformed into a nucleus, the centrosphere sub-

stance largely becomes an indistinguishable part of the cytoplasm,

but a small portion remains as a clear, narrow region surround-

ing the nucleus. This means that the deeply staining, newly
formed "

resting nucleus" with a narrow transparent area around

it in cleavage is perfectly normal, being the last remains of the

centrosphere.

PAPILL/E IN Hydractinia AND Pennaria,

Hargitt (p. 469) has described these as ectosarcal phenomena.

My study confirms his and shows that in both of these hydroids

the papillae are common in the unsegmented egg and have even

been seen while the egg was in the medusa. There is no par-

ticular region on the egg where they arise. At first these

papillae were regarded as polar bodies, especially in Hydractinia,

but when they were found on the vegetal pole and the female

pro-nucleus was present at the animal pole in the same egg, such

an interpretation was impossible. I believe that these papillae are

what Miss Bunting saw and described as polar cells, which is a

mistake that might be easily made. In Pennaria these papillae

push the false membrane away from the egg as they form and

after being set free remain in this same structure for some time.

The papillae in both species are wholly devoid of chromatin and

so far as could be determined entirely cytoplasmic phenomena.

FRAGMENTATION OF THE NUCLEUS, AMITOSIS.

Fragmentation. If by fragmentation of the nucleus is meant

that the entire nucleus disappears and its contents disperse

throughout the cytoplasm then I find no evidence of such a

process in these hydroids. But what shall be said of the chro-

matin changes before maturation in Hydractinia and in Pennaria

after maturation where large quantities of chromatin migrate into
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the cytoplasm never to return to the nucleus so far as one can

determine ? This certainly seems to be a kind of fragmentation.

Why does it occur? Has the maturation phenomena failed to

fully prepare the egg nucleus for fertilization ? These are ques-

tions which those who would make the development of all eggs
conform to a definite series of changes must explain.

Amitosis. By this process it is understood that the nucleus

divides without the chromatin passing through a complicated

series of changes and without the formation of a spindle. Fre-

quent search has been made for amitosis in these eggs but with-

out finding any positive evidence. The irregular and claviculate

shaped nuclei were critically observed and in every instance

eventually either asters or the very characteristic chromatin

changes were taking place in them. The mere shape of the

nucleus in Pennaria is no indication of amitosis, nor is it neces-

sary that the chromosome vesicles become transformed into the

single "resting nucleus." The cluster of vesicles which Hargitt

frequently finds is not uncommon in my material but is interpreted

in tliis paper as late telopJiase. This is a point concerning which

there may be a difference of opinion but taking all of the facts

into consideration, these vesicles seem to me to indicate mitosis

rather than amitosis.

INCLUSIONS IN Pennaria.

There are found in the eggs of Pennaria, even before matura-

tion, bodies which for the lack of a better term are designated

inclusions, Fig. 29, PI. IV. Thus far they have not been seen in

the segmenting egg. As many as three such inclusions have

been discovered in a single egg. When newly formed, the sub-

stance of the inclusion takes the same stain as the surrounding

cytoplasm, but in the older stages this contained substance stains

faintly, eventually leaving a cavity. This cavity then is obliter-

ated by the encroachment of the cytoplasm. The substance

within the inclusions in appearance and staining reactions is cer-

tainly similar, if not identical, to the cytoplasm, and the whole

structure looks like a food-vacuole in which cytoplasm is being

digested. Their origin has not been determined. They can

hardly be regarded as polar bodies, because they may appear

before maturation begins.
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SUMMARY.

1. In many particulars this work is a confirmation of the pre-

vious paper by Hargitt, especially in regard to the several nuclei

in the unsegmented egg, the irregular shape of many such nuclei,

and the irregular phases of cleavage.

2. The ova arise in any region of the polyp, which is contrary

to Bunting's statements. The young ova gradually increase in

size, during which time the nucleolus becomes vacuolated and the

cytoplasm is occupied by numerous microsomes which become

transformed into spherules. The cytoplasm changes its staining

reaction during this time.

3. The chromatin during the growth of the egg stains less in-

tensely than when in the younger state. Much of the chromatin

migrates into the cytoplasm and is surrounded by vacuoles.

The highly vacuolated condition of the cytoplasm is probably

directly due to this migrating chromatin. The size of the nucleus

decreases greatly.

4. In Hydractinia there were found three distinct kinds of

granules, yolk masses, coarse granules and small bodies around

the periphery. The small granules are distributee exclusively to

the ectoderms.

5. Maturation begins in Hydractinia before the eggs are de-

posited. The process is by the formation of a distinct mitotic

figure. It is very rare to find a polar body attached to the

deposited egg.

6. The female pro-nucleus is very much smaller than the egg
nucleus before maturation but it persists as a definite structure

until cleavage begins. It is not at any time indistinguishable. The

male pro-nucleus moves through the cytoplasm until it approaches

the female pro-nucleus when the two fuse and fertilization is

effected.

7. The first, and all subsequent cleavages, is by the mitotic

process. A definite segmentation cavity is formed in the two-

celled stage which increases in size. This cavity is gradually

filled with cells until the planula is a solid mass of cells.

8. The false membrane in Pennaria is a transitory structure

and probably of a fluid nature. Later its place is taken by a true

membrane.



CYTOLOGY OF HYDRACTIXIA AND PENNARIA. 23 I

9. Maturation in Pennaria begins before the eggs leave the

medusa. The polar bodies are ephemeral in character and rarely

found attached to the deposited egg. The polar bodies are

formed by the mitotic process.

10. After the two polar bodies are formed in Pennaria there is

a distinct migration of a considerable amount of chromatin into

the cytoplasm. The chromatin is transformed into vesicles which

eventually are taken up by the cytoplasm. Sometimes these

vesicles contain chromatin and persist for some time and may (?)

divide mitotically, giving rise to a pseudosegmentation.
1 1. The spermatozoa may penetrate the egg before it is laid.

The sperm head is transformed into a male pro-nucleus which

moves through the cytoplasm toward the animal pole to unite

with the female pro-nucleus.

1 2. Cleavage in Pennaria is at all times by the mitotic process.

The chromosomes become transformed into vesicles during the

late anaphase and early telophase. The vesicles may or may not

unite into a definite
"
resting nucleus

"
before the next cleavage.

13. During cleavage in Pennaria there is a distinct centre-

sphere which contains granules with centrosome powers. This

centrosphere is more conspicuous in Pennaria than in Hydractinia.

The new prophase spindle arises within the old centrosphere.

14. Papillae are found in both Hydractinia and Pennaria before

segmentation, much as described by Hargitt.

15. A partial condition of fragmentation is seen in the migra-
tion of chromatin into the cytoplasm in both species.

1 6. No clear evidence of amitosis was observed.

17. Inclusions are frequently found in the egg of Pennaria.

October 20, 1908.
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POSTSCRIPT.

CHAS. W. HARGITT.

As supplemental to the foregoing paper it may not be amiss to

add a few brief notes and comments. First, to the effect that it

comprises an integral phase of work which has engaged the

writer for many years, and which is still in progress. This

particular feature was undertaken at my solicitation in the summer

of 1906, as stated by the author. Second, at the same time I

likewise turned over to my son, G. T. Hargitt, material for work

along similar lines, a brief report of which has already been made.

(Science, March 12, 1909.)

Smallwood's paper was completed nearly a year ago, but was

at my request delayed, pending completion of further work of my
own which was well advanced, and which it was intended should

appear at the same time as intimately related thereto. The ap-

pearance of a brief note by Beckwith (BiOL. BULL., March, 1909),

suggests the desirability of the issue of Smallwood's paper with-

out further delay.

Aside from one or two points suggested by Beckwith I shall

not undertake any detailed comments in this connection. Her

rather matter-of-course dismissal of my presumed errors as to

maturation with the remark that it was due "
simply to the fact

that eggs were not collected at the right time of day
"

is, to say

the least, somewhat gratuitous ! One does not usually follow in-
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vestigations over a period of ten years without having taken some

precautions against the more obvious sources of error. The fact

is, I had long ago provided against that contingency. Again,
her equally hasty dismissal of any question of methods of tech-

nique is without warrant. It was this more than any other one

matter that proved an obstacle to satisfactory cytologic results.

This I have called attention to in at least two of my more recent

papers. And the precaution mentioned in the above paper by
Smallwood as to this point was explicitly my own suggestion.

A brief comment as to the question of amitosis raised by both

Smallwood and Beckwith must suffice for the present. In the

first place I have never questioned the fact of mitosis in any of

the cases under review, as the most cursory attention to my papers
will show. Whether there be amitosis is purely a question of

fact. Were my own results the only evidence it might very well

be questioned. Facts adduced from almost every phylum of

the animal kingdom are too well known at present to warrant

further dogmatism on a priori or theoretical grounds. Whether

my interpretation of the significance of the nuclear and chromatin

fragmentation and the vesiculate "nuclear nests" maybe war-

ranted I shall defer for later consideration.
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EXPLANATION OF PLATES.

EXPLANATION OF PLATE I.

FIG. I. Egg nucleus with small amount of cytoplasm to show the migration of

the chromatin. Ar
//

, nucleus ; AW, nucleolus ; chr, chromatin.

FIG. 2. Portion of the cytoplasm and nucleus. The chromatin is mostly in vacu-

oles. Nl>
',
nucleus ; chr, chromatin.

FIG. 3. Prophase first maturation. The walls of the nucleus are still intact.

The egg is within the gonophore. E. AT
lf

, egg nucleus ; w. g, wall of gonophore.

FIG. 4. Telophase of the second maturation. Egg deposited. Cl. pol
2

, second

polar body; vsl. c/ir'so, chromosome vesicles.

FIG. 5. Female pronucleus showing the remains of fibers that have persisted.

Pronl. 9 >
female pronucleus. pr. gr, peripheral granules.

Fic. 6. The approach of the male pronucleus. The female pronucleus is in

the early prophase. Pronl. 9 >
female pronucleus ; pronl. $ ,

male pronucleus.

FIG. 7. Prophase of third cleavage shows an elongated nucleus with asters and

forming spindle fibers.
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EXPLANATION OF PLATE II.

FIG. 8. Is taken from one of the cells shown in Fig. 9. The vacuolated condi-

tion of the cytoplasm is shown in the clear spaces. The spindle is in the anaphase

and so directed as to set a cell free in the segmentation cavity. There is a large cen-

trosphere at each pole.

FIG. 9. Outline drawings of embryo. Numerous vacuoles are present in the cells.

Seg. cav, segmentation cavity.

FIGS. 10 to 29 are from Pennaria.

FIG. lo. Telophase second maturation. Egg in medusa. Cl. pol. i, first polar

body ;
cl. pol. 2, second polar body.

FIG. n. Female pronucleus drawn from an egg before deposition. Pronl. 9>
female pronucleus.

FIGS. 12 to 1 8 show the migration of the chromatin from the pronuclei into the

cytoplasm. Pronl. 9 >
female pronucleus ; < ,

male pronucleus.
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EXPLANATION OF PLATE III.

FIG. 19. Union of the male and female pronuclei. Pronl. >> female pronu-

cleus ; pronl. $ , male pronucleus.

FIG. 20. Low power drawing of entire egg. The fine peripheral granules extend

clear around the egg. Several nuclear-like bodies are interpreted as polyspermia.



BIOLOGICAL BULLETIN, VOL. XVII. W. M. SMALLAOOD. PLATE lit.

2
3

t$i&Xi.t^,

.







24O \V. M. SMALLWOOD.

EXPLANATION OF J'l.A'l E IV.

FK; 21. Shows the presence of several nuclei in the unsegmented egg, one of

which is probably the female pronucleus, pronl. 9-
FIGS. 22 to 24. Three forms of the pVophase in cleavage. Pig. 22, conjugation

of pronuclei and formation of first segmentation spindle. In Fig. 23 the chromosome

vesicles have not united. Pronl. 9 female pronucleus ; pronl. J
1

, male pronucleus ;

vsl. (hr'so, chromosome vesicles ; c'sp, centrosphere.

FIGS. 25, 26, 27. Show the appearance of the segmentation spindle, migration of

the chromosomes, and presence of the centrosphere ; r'j/>, centrosphere.

FIG. 28. Inclusions in the cytoplasm.
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NEW OR LITTLE KNOWN PERMIAN
VERTEBRATES. PARIOTICHUS. 1

S. W. WILLISTON,

UNIVERSITY OF CHICAGO.

The University of Chicago Expedition to the Permian of Texas

during the autumn of 1908 was very fortunate in rinding a skele-

ton of a small reptile enclosed in a nodular matrix, probably the

most complete of any specimen hitherto obtained from that forma-

tion. It is of especial interest since it gives, for the first time, a

natural skeleton of a cotylosaur with all its bones in anatomical

relations, scarcely a single one disturbed by extraneous force in

fossilization. The original nodule measured about six inches in its

greater, by five in its lesser diameter, and about two inches in

thickness. The nodule, as discovered, was split horizontally, the

thicker portion enclosing most of the skeleton lying upon its

back
;
the thinner with portions of the bones partly enclosed in it,

and with the right front leg almost wholly so. One small piece

of the thicker side, and a yet smaller fragment of the thinner were

not recovered. The missing portions, however, are of minor im-

portance, and are in part supplemented by the two blocks. The

specimen was discovered on a gently sloping surface near the

Wichita River, north of Mabelle, by Mr. Paul Miller.

The material of which the nodule is composed is a rather hard

argillaceous limestone, and has necessitated very patient labor on

the part of Mr. Miller, with awl and needle, in its preparation,

many of the bones being so small as to require the use of a magni-

fying glass. The skeleton, which measures nearly fifteen inches

in length, is closely coiled, the tip of the tail lying under the front

extremity of the skull. As exposed on the two blocks, the

hyoid bones are in place ;
the pectoral girdle is very slightly dis-

placed, with both arms articulated
;
the right arm is strongly

flexed at the elbow, with its outspread hand underlying the pos-

1 "
Cotylosauria," Journal of Geology, XVI., p. 139; Lysorophus, this journal,

XV., p. 229; Diplocanltis, Trans. Kansas Acad. Science (in press); Trematops,

Journal of Geology, XVII. (in press).

241
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terior part of the right mandible
;
the left arm is extended back-

ward close to the vertebral column, its fingers protruding from

the edge of the block and for the most part lost
;
both hind legs

FlG. I. Pariotichuslaticeps Williston. Photograph of specimen, from the thicker

half of nodule ;
natural size.

are articulated throughout, turned backward by the side of the

tail, and not a single bone seems to have been lost or disarticu-
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lated
;
both the feet, unfortunately, are lying in part upon their

fibular side, concealing some of the bones
;
the tenth to the

thirteenth caudal vertebrae are disarranged and partly missing,

probably due to the fact that they lie partly over the right foot
;

the small terminal vertebrae of the tail are also missing, where

FIG. 2. Pariotichus Liticeps, skull from above and from the side ; natural size.

they protruded from the margin of the slightly eroded nodule.

On the whole, the only doubtful details of the skeleton are the

number and arrangement of the tarsal bones, and the extreme

tip of the tail. The extreme terminal phalanges of the first three

fingers, because of their minute size, may have been destroyed in

the preparation of the block, or slightly dislodged.

Skull (Figs, i, 2). The skull is in a marvellously perfect

condition, the only injury it has suffered being a very slight

erosion of the extreme tip of the muzzle where it protruded from

the edge of the nodule. It is remarkable among reptiles for its
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great width and depression, its width posteriorly being fully equal

to its length. The pitting of the upper surface is small and retic-

ulate, with a slight, though distinct, indication of longitudinal

ridges. The parietal and frontal bones posteriorly are slightly

concave in the middle. The nares are small, situated nearly at

the extremity of the muzzle, oval in shape and directed more

outward. In front of the orbits the face is a little constricted,

with the sides more strongly convex. From the front of the

orbits the lateral lobe of the cranium is convex outward to about

midway between the orbit and the hind border, where the curve

is slightly inward. There is a rather strong emargination of the

hinder border of the cranium in the middle, with the outer third

on each side gently convex or nearly straight. The large orbits

are located a trifle in front of the middle of the skull. They are

oval in outline, with the long diameter antero-posterior, meas-

uring eighteen millimeters in length by fifteen in breadth. The

plane of their margins is directed a little forward and upward at

an angle of about 45. The large pineal foramen is nearly mid-

way between a line drawn through the posterior margin of the

orbits and the hind border of the skull in the middle line. The

sutures of the skull are, for the most part, indicated by very deli-

cate lines, requiring a hand lens to follow. I have given such as

I feel sure of. The plane of the upper surface of the skull is

nearly horizontal as far forward as the front end of the orbits,

whence it slopes gently to the front extremity, with a slight con-

vexity. The mandibles are in position on the under side, slightly

pushed to the left. The symphysis is short, the rami rather

narrow in front, their outlines very much like those of the side

of the cranium, curving inward posteriorly. They are broadest

and deepest a little back of their middle, or opposite the trans-

verse bones, which abut against them. Distinct sutures for the

splenial, dentary and angular are seen anteriorly on the outer

side. The dentary ends by a broad curve upward, with the

slender prolongation of the angular enclosed between it and the

margin of the splenial below. At the hind extremity the small,

inwardly curved angular process is visible. The slight lateral

pressure upon the mandibles has left exposed the insertion of the

maxillary teeth of the right side, but the very delicate teeth them-
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selves have suffered in the preparation, though their roots are

clearly to be seen. On the premaxillary there are three stout

teeth, the largest of the series of either jaw. Of these the third

is the smallest, the first and second of nearly equal size, judging

from their roots. Back of the premaxillary teeth, in addition to

the roots seen on the right side, the teeth themselves are pre-

served on the left side, crowded rather closely upon the mandi-

ble. They are all rather small, the fifth or sixth of the series,

counting the premaxillary teeth, about a third of the distance to

the orbit back of the narial opening, is the largest. They are all

rather obtusely pointed, and are separated by spaces about equal

to or somewhat less than the width of the teeth themselves. In

a space of ten millimeters back of the largest maxillary tooth

there are five teeth. The mandibular teeth cannot be made out.

It is altogether probable that there are additional teeth in sec-

ondary rows upon the maxilla and dentary, but the close union

of the mandibles with the cranium prevents their detection.

The palate is very fully exposed and is undistorted. The in-

ternal nares, placed far forward, are above the mandibles and yet

concealed by the matrix. The broad, flat palatines and vomers

for sutures are nowhere determinable diverge very gradually

to about midway between the mandibular symphysis and the

basisphenoid, where they separate more widely, leaving a rather

large ovate space, yet filled in with matrix. I can distinguish no

presphenoid in this ovate space, but it is possible one exists di-

rected obliquely toward the roof of the skull. Along the margin

of these bones by the side of the ovate opening and anteriorly are

one or two rows of minute tubercular teeth, and, just in front of

the descending convexity of the transverse, there is an oblique

row of six or seven palatine teeth on each side. The lateral pal-

atal plates descend posteriorly in a convex surface, to nearly the

lower margin of the mandibles, with a thinned, convex posterior

margin. The lower convexity of these transverse bones (for they

are doubtless separate elements, though they have never been

suturally distinguished) is covered with a patch of tubercular

teeth. The union of the pterygoids with the basisphenoid is

very evident in the constriction at either side of the front of the

basisphenoid, but the suture is not determinable. From this con-
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striction and union with the short basipterygoid processes of the

basisphenoid, the posterior plates of the pterygoids diverge to the

inner side of the quadrates, opposite the inner angle of the artic-

ular bone of the mandible. These plates have a thin, straight,

horizontal lower margin, whence they slope inwardly and up-

wardly into a somewhat concave surface, narrow and nearly ver-

tical in front, widened behind, leaving a small oval space anteri-

orly between them and the basisphenoid. The basisphenoid is

narrow in front, gently widened behind, shallowly concave in the

middle and limited on either side by a rather rugose ridge. From

near the posterior, somewhat divergent, ends of these ridges, a

slender bone runs outward and backward by the side of the inner

margin of the pterygoid plate. It is in all probability the stapes.

Upon the whole, the structure of the palate and occipital region

is quite like that of L. hamatns, which will be fully described and

illustrated in a future paper from a remarkably perfect specimen

in the University collections. Lying under the palate were two

slender rods. One of these has been necessarily destroyed in

getting to the palatal surface
;
the other still remains in the matrix.

They nearly meet in the middle anteriorly, just back of the inter-

pterygoid vacuity, diverging posteriorly nearly parallel with the

margins of the pterygoid plates to near the quadrate. Back of

these and articulated with them are a pair of more slender bones

bent inwardly near their middle, and terminating acutely behind,

nearly parallel with the front margins of the clavicles.

Vertebra. The vertebrae are united in a continuous series

from the skull to near the tip of the tail, forming a U-shaped
curve. The pectoral girdle still conceals the anterior five or six

of these and the posterior seven of the presacral series were lost

in the missing fragment of the nodule. However, the top of the

nodule over these missing seven vertebras has preserved in part

impressions of them, and, inasmuch as the vertebras themselves,

where exposed, are all of precisely the same length, seven and a

half or eight millimeters, the number of presacral vertebras in the

entire series is determinable with but slight chance of error. This

number was either twenty-three or twenty-four. Broili has deter-

mined the number of presacral vertebrae in Labidosaurus hatnatus

as either twenty-four or twenty-five ; twenty-three or possibly
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twenty-four is the number of presacral vertebrae in the rhachitom-

ous Trematops as determined by me
; twenty-three or twenty-

four was the number ascertained by Thevenin in Saiiravus costci,.

a probable reptile from the Upper Carboniferous of France
;
and

I believe that Isodectes Copci, from the Lower or Middle Missis-

sippian of Linton, Ohio, had the same number. This uniformity

seems to be more than a coincidence. Of this number the atlas

alone can be called, as in the amphibians, a true cervical. All

the vetebrae bore ribs, and, inasmuch as there was no sternum in

these early forms, a distinction into neck and trunk is impos-

sible. The centra of our specimen are rather slender more so

than in Labidosaurns each with a marked constriction in the

middle. Some of the posterior vertebrae lie partly upon their

sides, disclosing the attachment of the ribs. No distinct process,

is seen on the centrum for them, differing in this respect from

Labidosaurns, though doubtless the lower part of the proximal

extremity of the ribs did articulate with the centrum. A small

intercentrum is present in one or two of the anterior vertebrae,,

and a small space is seen between the lower edges of the centra

of all. The sacral vertebrae are of course not visible in the

pelvis. There were, in all probability, but two sacral vertebrae,,

though this is not certain since another form of Permian

reptile, which will be illustrated and described later, has three,

while Labidosaurus has but two. If the vertebrae above the

pubes and ischia are of the same length as those immediately fol-

lowing or preceding, there are six concealed from view, one of

which is the first presacral, and three the basal caudals. Behind

the pelvis eight caudal vertebrae in a connected, gently curved

series are visible. They are somewhat shorter and more slender

than the presacral vertebrae, the entire series measuring about

forty-six millimeters. Beginning with the second of these there

are long, slender chevrons, each reaching to beyond the end of

the next succeeding centrum, that is, about fourteen millimeters

in length. Just how far back these chevrons continue is not

certain, but at least eight centra bore them. The first entire

vertebra back of the pelvis bears a long, curved rib on each side,

springing from the anterior end of the centrum. The next two

vertebrae doubtless have similar, but short ribs, though only the
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proximal ends of them are seen. I do not think that the follow-

ing vertebrae bore ribs, or, if so, they were much shorter. I can

find no indications of such. In the restoration, these caudal ribs

are shown directed backward, as in the matrix. Doubtless in life

they were directed more downward, indicating a thick basal por-

tion of the tail, probably compressed from side to side. Beyond
the eighth visible caudal there is a break in the series, the only

indication of contemporary extraneous force shown in the entire

skeleton
;
and this may have been due to the fact that this part

lies somewhat under the right hind leg in the nodule that is,

if the skeleton was originally fossilized in a prone and not supine

condition. Following this gap there are three articulated verte-

brae in line with the curvature of the basal portion of the tail.

They are more slender than the preceding ones and clearly lie

in their original position, the intervening five vertebrae having

been dislodged, fragments of which are still preserved near the

break. The extreme tip of the tail came near the margin of the

nodule, at or below the tip of the muzzle, and has been

destroyed by the erosion of the nodule. Perhaps a half dozen

very small vertebras are missing here, making altogether about

twenty-five vertebras for the number in the tail, or for the entire

column about fifty, with a possible error of three or four more.

The dorsal ribs have an expanded proximal end, but without

distinct differentiation into head and tubercle. The first one visi-

ble is attached to the vertebra concealed in part by the caudal end

of the interclavicle, that is, the seventh or eighth of the series. It

is altogether probable that the first four or five ribs were shorter,

with expanded distal ends, as in Labidosaitms. From the eighth

to the seventeenth the ribs lie nearly parallel on the right side, on

the left bein crowded more together at their ends. The longest

of them measure forty-six millimeters along their considerable

curvature. They are slender throughout. The broken ends of

the eighteenth and nineteenth are visible in the matrix, but little

if any shorter than the preceding ones. A fragment of what

should be the twenty-first or twenty-second is also visible on the

right side, but its length is not determinable. I have, therefore,

shaded the last four ribs in the restoration, and it is possible

these vertebrae were entirely ribless, as I have decided they were

in Labidosaurus.
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Pectoral Girdle. The pectoral girdle lies almost perfectly in

position, the hind end of the interclavicle only, turned slightly to

the right, and the right coraco -scapula pushed slightly forward,

or the left one backward. It is very certain that the girdle was

attached immediately back of the skull, the front part underlying
the occipital condyle even. In structure it is almost identical

with that of Labidosaurus, as figured by me. The position in

which they lie has slightly separated the clavicles at their scapula,

attachment. I find no indications of a cleithrum. It is very evi-

dent that the coracoids in life were in immediate contact along the

median line, covered over by the prolongation of the interclavicle.

The scapulae curve upward at an angle of about forty-five degrees

from the plane of the coracoids. Possibly this angle has been

reduced slightly by pressure, but I think not. The scapulas are

directed, not backward, as has been supposed, but obliquely

upward.
Front Legs. The humerus is of the usual shape, expanded

proximally and distally in planes meeting each other at an angle

of sixty or seventy degrees. The bone, like all other parts of the

appendicular skeleton, is distinctly more slender than in Labido-

saurus. The radius is a rather slender bone, cylindrical at its

proximal, flattened and expanded at its distal extremity. The

ulna, much broader and thicker at its proximal end, has a dis-

tinctly produced olecranon, and the curvature of the rather slen-

der shaft in the middle is distinctly away from the radius. The

most of the forearm and foot of the right extremity are preserved

in the thinner block, the proximal ends of the radius and ulna in

the thicker close by the right pubis. The hand, as thrust for-

ward below the right mandible, is outspread and fully articu-

lated, the middle of the wrist somewhat depressed by the angle

of the mandible in the mud, slightly turning the distal end of the

ulna. The terminal phalanges were probably present or but

slightly dislodged, but their minute size has made it almost impos-

sible to detect and work them out from the hard matrix. The car-

pus clearly agrees in its chief features with the carpus of Labidosan-

rus "
inasivus," as figured by Case and myself, save that the parts

were reversed in the figures. I give herewith a better figure of the

labidosaur carpus, which has been more completely removed from
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its matrix (Fig. 4). Because of the compression of the middle-

part of the carpus in our specimen, it is impossible to be quite sure

of the presence of both centralia. The radiale is much broader

than long, articulating with the radius, the distalia of the second

and third digits, and with one or possibly two centralia. The

ulnare is a much larger bone, articulating proximally with the ulna,

distally with the two inner distalia, and on the outer side with the.

FIG. 3. Parioticlms laticeps. Photograph of right front foot, from thinner halfs

of nodule
;
natural size.

intermedium. That there is a free intermedium here as in Labido-

saurus is certain, but I cannot be quite sure of its extent, a part

of it being apparently covered over by the radius. It articulates,

as in Labidosaurns, proximally with the ulna and distally with a

centrale. Five digits are present, as was to be expected. The
first is represented by its metacarpal only, either slightly re-

moved from its articulation with the radiale, or, what is more

probable, with its distale lost, or cartilaginous. In the restora-

tion it is shown removed from the carpal bones as in the photo-

graph of the hand also given herewith (Fig. 3).
The first

metacarpal is the shortest of the five, and is only moderately ex-
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panded distally. No phalanges areTpreserved. The second

metacarpal is much longer than the first, and is much constricted

in its middle. It has one short phalanx articulated with it, but

little more than half the length of the metacarpal. Additional

phalanges are not preserved, but, from its

size, it seems very probable that two more,

and not more than two, were originally pres-

ent. The third metacarpal is much like the

second, but is a little longer. Two phalanges

.are present, the first about two thirds the

length of the metacarpal ;
the second frag-

mentary. There may have been a third, un-

gual phalanx present. The fourth metacarpal

is the longest and stoutest of all, its prox-

imal articulation more oblique than is the

case with the preceding one. The first pha-

lanx is about three fifths the length of the

FIG. 4. Labidosmirus.

Carpus ; one half natural

size.

metacarpal. The second phalanx, much

shorter and smaller, has at its tip a small fragment. There may
have been a fourth phalanx, though there is not much proba-

bility of it. The fifth metacarpal is a little shorter than the

fourth, somewhat curved and more slender. It has a small and

short proximal phalanx and a fragment of a distal one at its tip.

In all probability there were no more. It is, it is seen, impossi-

ble to say with certainty what the phalangeal formula of Pario-

ticlins was, save that quite surely it was not that of the modern

lizards and Splienodon, 2, 3, 4, 5, 3. In much probability it was

2, 3- 3- 4(3). 2.

Pelvis. The under side of the pelvis lies in perfect preserva-

tion and position. It is, like the pectoral girdle, of the " old

fashioned
"
type, elongate and plate-like, without thyroid foramen.

The two sides meet in a long median symphysis, closely applied,

but not sutural. The pubes, broadest in front, have a slight emar-

gination in the middle in front. The small pubic foramen lies

near the acetabulum, at the junction of the first and second thirds

of the combined bone. Just inside this foramen, and a little to

the outer side of the middle of each pubis, a pronounced thicken-

ing or ridge runs forward to the anterior margin, forming a
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shallow fossa on each side of it. The pubo-ischial suture is, ap-

parently, a little back of the pubic foramen, running transversely

across. It is not at all distinct, and I am not sure of it. Lying
in the median emargination of the pubes there are three or four

very slender ventral ribs, and by their side, a fragment of what

appears to be a thin plate, which may have articulated with the

thickening of the front margin before mentioned, a thickening

characteristic of all the smaller cotylosaurs, apparently. The

pelvis, so far as it can be seen, is almost identical with that of

Labidosaurus
,
and other Permian cotylosaurs, forms of which

will be figured later.

Legs. As stated, the hind legs are both preserved, trailing

backward from the acetabulum, both of them somewhat bent

at the knee. The femur of the right side suffered somewhat in

the fracture of the nodule, and is only partly preserved. That

of the left side, so far as it can be seen partly embedded in the

matrix, agrees quite with that of Labidosaurns, though more

slender. The tibia, also shown best on the left side, offers noth-

ing unusual. The fibula, hitherto unknown in the cotylosaurs, is

strongly curved, with a considerable expansion at its lower ex-

tremity, and with a small, rounded upper end. The feet, unfor-

tunately, have both been preserved lying more or less on their

fibular side, and in consequence with the toe bones more or less

concealed. However, it is quite certain that no force was brought
to bear upon them to displace them, save that of their own weight.

The lower leg of the right side and the tarsus are spread out

flatly, but with the digits piled upon each other. A large, flat fibu-

lare articulates with the fibula of the right side in position, closely

articulating on the inner side with another large bone, evidently

the united tibiale and intermedium. Four tarsal distalia are visible.

The shapes of the bones distinguished agree in general so well

with those of Labidosaurus as figured by me, that I have no hesi-

tation in giving the others from the same genus, shaded in the

figure. The tibiale, however, must have been shorter than in

Labidosaurus. As regards the toes, all five metatarsals are visible

on one or the other side, and many of the phalanges, save those

of the fifth toe. In the figure given in the restoration, the un-

shaded phalanges of the other toes are given precisely in the
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positions they occupy with regard to the tarsus, so that the length
of the toes is quite certain. Those phalanges which cannot be

extricated from the matrix are shaded. In all probability the pha-

langeal formula is like that of the front feet
; certainly there can-

not be a greater number.

Six genera of Permian reptiles, all from Texas, are referred by

Cope to the family Pariotichidae
; and, notwithstanding the dif-

ference in the teeth, I am disposed to add the seventh genus,

Labidosaurus, to the same family. They are defined by Cope as

follows :

l

1. Teeth on the maxillre and mandibles in a single series Labidosanrns Cope.
Teeth in more than a single series 2.

2. External nostrils inferior; mouth posterior in position ; mandible short and with a

few acute teeth Hypnopous Cope.
External nostrils lateral 3.

3. Palatal and splenial teeth with compressed crowns 4.

Palatal and splenial teeth obtuse, forming a grinding pavement ;
median maxillary

and anterior incisor teeth enlarged Pantylus Cope-

4. Teeth equal, -acute hodecies Cope.
Teeth increasing gradually in length anteriorly Captorhinus Cope.
Teeth enlarged in the middle of the maxillary and anterior part of the incisor

series Pariotichus Cope.

The genus Hclodectes, provisionally placed in the Parioti-

chidas, is distinguishable by the two rows of teeth on the jaws,

the "bases of which are wide ovals, transversely placed."

Isodectcs is figured by Cope as having the prefrontals and post-

frontals meeting broadly over the orbits, widely excluding the

frontals from the orbit. The skull, moreover, is much longer

than broad in the type species, /. megalops. Pantylns also has

the prefrontals and postfrontals meeting broadly as in Isodectes in

the type species, P. cordatns, which, moreover, has a rounded

muzzle, and is widely expanded posteriorly. Captorhinus has an

elongate, pointed skull, with the orbits twice the diameter of the

interorbital space. Hypnopous is wholly out of consideration be-

cause of the remarkable position of the nares. Assuming that

our species has more than one row of teeth on maxillae and man-

dibles, its exclusion from the labidosaurs is of course evident.

As that character cannot be determined save by the mutilation of

the otherwise perfect skull, the doubt must be left. By ex-

1 Proc. Amer. Phil. Soc., XXXIV., 1895, p. 445.



FIG. 5. Pariotichus laticeps. Restoration of skeleton
;
one half natural size.
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elusion, we have only the genus Pnriofic/tns left, and in all its

characters, so far as the)' have been developed in tlk,- known

species of the genus, the agreement seems sufficiently certain.

Six species of ParioticJuts have been described. Of these', /'.

bractiyf>s is excluded by the large maxillary tooth not being

below the anterior border of the orbits, but much further forward,

by the relative si/e of the orbits, etc. I\ aguti is easily distin-

guished by the elongate shape of the head, its less depressed

form, etc. /'. isoloinns differs distinctly in its less expansion pos-

teriorly, its length being distinctly greater than its width, and the

absence of a posterior emargination of the cranial border. P. in-

cishns has been wrongly identified as having a single row of teeth

on mandibles and maxilla? by both Case and myself, whereas

Cope distinctly figures it (Trans. Auicr. Pliil. Soc., 1886, p. 290,

FlG. 6. Life restoration of Pariotichus laticeps ; one fourth natural si/e.

PI. II., Figs. 4 and 5) as having additional teeth. The form de-

scribed by me as Labidosaurus incisivus is therefore something
else. P. incisivus is described and figured by Cope as having

a purely reticulated sculpture of the skull, which he accepts

as of specific value. Our species has the sculpture, distinctly

longitudinal, on the upper side of the skull anteriorly at least.

P. adiincus is distinguished by the size of the orbits, etc. We
have, then, but a single species left, P. ordiuatus Cope, described

from such scanty material that it is doubtful if an actual com-

parison of the type specimen would resolve doubt as to its identity

with the species herein described. Our species may, therefore, be

provisionally given the name of P. laticeps.
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BIOLOGICAL BULLETIN

SPERM-TRANSFER ORGANS IN CAMBAROIDES.
E. A. ANDREWS.

Amongst the arthropods it is not uncommon for some of the

limbs to be used for transferring the sperm from the male to the

female. In some of these cases the path of the sperm from the

male to the egg is very complex, and we may speak of "
indirect

sperm-transfer."

Thus in the common crayfishes of the United States, of the

genus Cambarns, the first and the second limbs of the abdomen
of the male are special organs that we will call the first and the

second stylets, which conduct the sperm from the male openings

upon the bases of the fifth pair of walking legs to the surface of

the female. In the female the sperm is received into a pouch in

the shell on the under side, between the fourth pair of walking

legs. This sperm receptacle is hollowed out in the so-called

annulus, or special sternal plate, and in this pouch the sperm re-

mains till the eggs are laid. In the crayfish of Europe, how-

ever, the sperm conveyed by the stylets is deposited freely over

the sternum, in secreted tubules, or spermatophores, and there is

no sperm receptacle.

There are then two forms of indirect sperm transfer within

this family, in the two genera Cambarns and Astacits.

The crayfish of Japan and the Amoor River region are so dif-

ferent from other species of Astacns that it is a question whether

they do not form a distinct genus. They resemble Cambarns so

much that Faxon called them Cambaroides. Nothing is known

as to the method of sperm transfer in this Cambaroides subgroup

of Astacus, but the following account of the anatomy of the or-

gans concerned may aid in a tentative view as to what actual ob-

servation of the process may reveal.

The material used was kindly loaned by the National Museum,
257
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and consisted of a very few specimens of Astacits {Cambaroides}
siinilis from Corea and some ten specimens of Astacus (Cam-

baroides] Japonicns from Hakodate, Japan. These last were

obtained by the " Albatross
"
from the market in July, 1906, and

were remarkable in being all strung along upon bits of stick that

had been thrust through several crayfish, one after the other,

passing through the head-thorax and abdomen lengthwise. From

the condition of internal anatomy the specimens would appear to

have been dried before they were preserved by the naturalist.

Observations upon Cainbanis have shown that when the sty-

lets are being used to fill the sperm receptacle the male is firmly

fastened to the female by two pairs of hooks, or spines, that

stand out like spurs from the walking legs and are carefully

fitted into the groove between the segments of the legs of the

female. In fact, experiments show that without these spines the

FIG. i.

other organs are of no avail as the male is not able to transfer

the sperm to the sperm pouch. In Cambarns there are then

three sets of necessary external organs concerned in sperm

transfer, the hooks and the stylets of the males and the sperm

receptacles of the females.

In Canibaroides the hooks are present as well as the stylets

but in the females there is no discovered receptacle though the

annular plate is somewhat modified.

We will describe these three sets of organs, in the following

order : hooks, stylets, annular plate of female.



SPERM-TRANSFER ORGANS IN CA.MBAROIDES. 259

In Cambaroides similis, a specimen 55 mm. long had the hooks

developed as in Fig. I, a blunt rounded spine upon the third seg-
ment of the second and the third walking legs. Each spine

JE

HL

FIG. 2.

1

8

bears a few setae. They are like the spines of Canibarus Montc-

suince in being on the second and third legs, but are much shorter,

more blunt and less effective as hooks. The spine of the third

leg is the better developed.

In Canibaroides Japonicus, Fig. 2, the hooks

are essentially the same, but more pointed.

In both cases the resemblance of the hooks

to those used by Cambarus is so strong that

one would infer that they are probably func-

tional in Canibaroides.

In comparing the stylets of Cambaroides

with those of Cainbarus we note that the first

lacks the fine detail of apex commonly found

in Cainbarus and is a more stout and undiffer-

entiated organ. In Canibaroides sintilis, Fig.

3, the first stylet is a clumsy cylinder having
a movable joint between the long protopodite

and the somewhat longer distal endopodite.
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Both bear a fringe of setae along the external edge. This long
line of setae seems to represent what is found upon the edges of

the common pleopods and may be regarded as a mark of little

specialization or of retention of primitive characters, since in

Cambarus it is generally specialized as a local group oj setae, or

at most in C. Clarkii, as a less simple line.

The main features of the endopodite are, however, a shallow

groove and a very stout ridge along the posterior face, external

to the groove. This ridge ends distally as a swelling that is

part of the specialized tip of the organ. More enlarged, Fig. 4,

FIG. 4.

the tip shows the rounded head in which the ridge ends, the

groove to the left of it and a depression to the right. The actual

ending of the organ is a sort of complex edge, flattened from

before back.

On the median side of the groove are two horny points, the

shorter posterior, the longer anterior. The posterior is com-

parable to the large
"
spatula

" and the anterior to the large
" canula

"
of Cambarus Montezumce. External to the groove is

a short, blunt anterior point, comparable to the "
ligula

"
of C.

Monte-zumce and a long thin knife edge that is a continuation 01

the rounded head of the ridge. The organ appears fitted to open

a slit into which sperm might flow from the groove.

In C. Japonicus the two first stylets lie side by side with diver-
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gent tips. In a male 45 mm. long, with stylets 8 mm. long,

their tips were two millimeters apart, across the median line.

Each stylet has the same structure as in C. siniilis, with only

slight differences in proportion, but the groove opens more

toward the median face and is not seen from behind, Fig. 5.

While the tip Fig. 6 presents the same details as in C. siniilis,

Fig. 4, the cutting edge is less sharply set off from the head of

FIG. 5.
FIG. 6.

the ridge and runs out externally as a pronounced angle or spine,

that is lacking in the former species.

From an end view the tip of the organ of C. Japonicns is com-

plexly modelled and suggest not a cutting tool but a probe to be

forcefully inserted against resistance.

Serial sections of the first stylets of both species show the

same inside structure. A thick, firm shell covers the soft
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areolar tissue and a delicate epidermis underlies the shell and is

continuous with the areolar tissue. The internal anatomy and

the external modelling is shown by the series of sections, Figs.

7, 8, 9, cut along the lines 7, 8, 9 of Fig. 3. The organ is

essentially a thick, flat plate with a groove on its posterior face

dividing it into a smaller median part that we will call the median

mass and a larger external mass, M.M. and E.v.in. in Fig. 7.

The groove is made much deeper by the fact that a great ridge,

R, rises up from the external mass and forms the external

boundary of the groove. In the middle of the course of the

groove the ridge, Fig. 8, extends toward the middle line of the

FIG. 8.

body parallel to the median mass so that the groove is here deep

and narrow and opens out more to the median face of the organ.

Toward the basal end, Fig. 9, the shallow groove is bounded by
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the diminishing terminal part of the ridge. At this level also

may be seen the muscle mass that extends into the endopodite
and indicates that the joint between the endopodite and exopodite

may actually be used and the position of the tip of the organ be

Kn;. 9.

directed by this muscle. This muscle was also seen in cleared

mounts in toto.

In the same manner in C. Japonicus sections show only a

simple groove and large ridge, with the only difference that the

groove faces more toward the median aspect of the organ, so that

the above Figs. 7, 8 and 9 would well represent the condition in

both species.

The second stylet preserves the usual pleopod form in that it

is forked, or has both endopodite and exopodite. In Astacus

{Cainbaroides} Japonicns, Fig. 10, the exopodite is a slender ob-

scurely segmented filament bearing few long setae while the

endopodite is the wide massive terminal part of the stylet. The

tip of this endopodite, the flabellum, bears a long tuft of setae

and is evidently like the tip of the exopodite, but much enlarged.

In the median edge of the endopodite there arises the extra ele-

ment comparable to the "
triangle

"
of Cambants, that probably

has some use in sperm transfer. This is a thick ridge that rises

up as a free, thumb-like process directed diagonally across the

endopodite. It has a marked angular elbow on the median side
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and terminates in an oblique and somewhat hollowed face pos-

terior to the flabellum. This very simple representative of the

triangle of Cambarus and the scroll of the American and Euro-

pean Astacus, bears still a few setae, several upon the median and

two or three upon the external border. In this it is intermediate

between the above two crayfish.

The entire appendage seems crude and clumsy, either primi-

tive or reduced.

This appears again in the other species of Cambaroides, C.

FIG. 10. FIG. ii.

siinilis, Fig. 1 1
,
which is like Japonicus but the setae are very

short and the flabellum more reduced. The dotted area in Fig.

1 1 is membranous. The posterior face is turned so that the
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triangle can fit into the groove in the first stylet. In Canibarns

the projection of the second stylet fits accurately to the groove
of the first stylet and insures sperm transfer and in Cambaroides

we can see that the projection upon the second will run in the

groove of the first but it does not seem nicely adjusted to it.

Another departure from the finer adjustments of Cambarus

may be inferred from the simpler mode of ending of the defferent

duct. While in Cambarus it ends in a soft papilla that is fitted

FIG. 12.

into the groove of the first stylet, in Cambaroides there is, at

least in the preserved specimens, only a rounded, slightly raised

area with a slit in it for the exit of the sperm.

The under side of the thorax of the male, Fig. 12, shows the

ending of the defferent duct as a small opening in a rounded

raised area on the base of the fifth leg, right and left. In Cam-

baroides Japonicns, Fig. 12, these rounded areas are soft and the

entire adjacent surface of the base of the leg is also membranous,
as indicated by the dotted region, except for the minute hard
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oblique ridge isolated in the membranous area. In Cambaroides

similis, the base of the fifth leg shows a large white area thought

to be glandular, the area I in Fig. 13, and the ending of the

defferent duct is in a solid projection with a slit-like orifice.

Whether in life a soft papilla can be projected from these

FIG. 13.

orifices is doubtful, but the hard and slightly projecting areas

can be put against the groove in the first stylet in such a way
that we infer the sperm may be poured out into the groove of

the stylet, with perhaps some aid from the second stylet.

Turning now to the destination of the sperm transferred by the

FIG. 14.

above male organs we fail to find upon the female any specialized

receptacle. The under side of the thorax of the female Cam-

baroides Japonicus, Fig. 14, has a series of median plates between
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the limbs ///, //'and V. Each plate expands toward the limbs

as a lateral wing, W, each plate is also modified in its central

part. Between the third limbs the central part shows a rounded

boss and an anterior prolongation ;
between the fifth limbs there

is only a boss
;
between the fourth limbs the median part of the

plate is prolonged backward not as a boss but as a large expanse,

the annular plate, An. This annular plate is subdivided into an

anterior part, An, somewhat convex from side to side and a pos-

terior part which is hollowed out as is poorly shown in Fig. 14.

The hollowed posterior part of the annular plate rises up dor-

sally at an angle with the horizontal anterior part.

The median depression is quite shallow and neither in surface

views nor in sections is there any slit or internal pocket such as

is characteristic of the annular plate of the genus Cambanis.

Thus while in both Cambarus and Cambaroides there is an

annular plate only in Cambanis is it provided with an internal

cavity. It is the internal cavity in the annular plate that is filled

with sperm. In these specimens of Cambaroides no sperm pocket

is found.

In the male Cambaroides, Fig. 12, there is also an annular

plate between the fourth limbs but it lacks the hollowed posterior

part that is found in the female.
1

In a specimen of Cambaroides similis the posterior part of the

annular plate is less sharply hollowed out than in C. Japoniciis.

The use of these various male and female parts can, as yet, only

be inferred from comparisons with the organs of Astacus and of

Cambanis whose use has been observed. But in applying the

male to the female we are led to imagine that the stylets may de-

posit spermatophores between the fourth and fifth limbs.

1 In the individual male figured here there is an abnormal pair of structures that

simulate the openings of oviducts. In the female the oviduct openings, Fig. 14,

are large elliptical membranous areas upon the bases of the third limbs. In the male

the openings of the defferent ducts are more elevated areas upon the bases of the

fifth limbs, Fig. 13. There is thus both a difference in position and in character

between the male and the female openings. The abnormal openings upon the third

legs of the male figured in 12, are like female openings both in position and character

though they are smaller than normal and the one upon the right of the animal is

especially small fsee also Fig. 2). This then seems to be a case of partial mixture

of sex organs such as have been described in both Astacus and Cambarus (see Am.

Nat., 1909).
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On the whole the sex organs of Cambaroidcs are more like

those of Cambams than like those of Astaais. That is, the

hooks are present in Cambarns and Cambaroides, but not in

Astacus. From their form we may infer that in Cambaroides they

are used to hold the female just as they are used in Cambams.

The stylets in Cambaroidcs lack the flat scroll form of Astacus

and are more like the stout complexly tipped organs of Camba-

ms, but they are much more simple. They doubtless serve to

transfer the sperm as in both Astacus and Cambams. In the

female the annular plate of Cambaroides lacks the special sperm

reservoir of Cambams and is thus like Astaais, but it is more

developed and somewhat hollowed out. In this respect it recalls

the earliest phase of the ontogeny of the annulus of Cambams. 1

In brief the organs of Cambaroides are more simple than those

of Cambams but fashioned somewhat like them, suggesting some

connection closer with Cambams than with Astacus.

How are these facts to be interpreted? The general anatomy

shows that Cambams is the recent and Astacus the more unspe-

cialized genus. Is Cambaroides a step from Astacus toward Cam-

bams or is it a step backward from Cambams ?

Since Cambaroides has the same gill formula as Astacus and is

like Astacus in having no sperm receptacle (as far as known),

while on the other hand it has hooks like Cambams and stylets

similar to those of Cambams, we may regard it as a genus sep-

arate from both Astacus and Cambams.

It then becomes a question of the relative positions of these

three genera. Granting that the larger number of gills is primi-

tive and the small number derived we must assume either that

the presence of hooks in Cambams with few gills and in Cam-

baroides with more gills is a case of secondary convergence from

parallel variation or else that it is a common inheritance. Ort-

mann has assumed the resemblances of Cambams and Cam-

baroides due to convergence, but Faxon regarded them of more

significance. The new facts as to the annular plate and the struc-

ture of the stylets will aid in the solution of this question ;
with

emphasis upon the sex organs as criteria of relationship, which

has been the tendency of all recent work upon this group.

BIOL. BULL., X., Figs. 6, 7.
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As elsewhere shown ' some of the Peruddae as well as the

lobsters have sperm receptacles whence we may infer that a

sperm receptacle was common to the ancestors of the crayfish.

In such case the absence of sperm receptacle in Astacns would

be due to loss, and the presence in Canibarus to retention of the

ancestral mode of sperm transfer. If we suppose that the resem-

blances and differences of organisms are connected with chance

variations it seems more likely that organs may have been inde-

pendently lost, in separate animals, than that the same organ
should have been independently acquired in separate organisms.

We would then say that Cambaroides and Cambams are closely

related as both have retained the hooks and the general form of

stylets of some ancestor but that Astacus and Cambaroides are

not so closely related though both have independently lost the

sperm receptacle while changing the form of stylets.

Adopting Ortmann's views as to the origin of the present dis-

tribution of crayfish we would modify it chiefly by the assump-
tion of two migrations from Asia into America. We would think

of ancestral Asiatic crayfish with many gills and a sperm recep-

tacle of some sort filled by some use of the abdominal limbs.

One set of descendants retaining more gills but losing the sperm

receptacle became the Astacns of America and Europe as well as

the crayfish of the southern hemisphere. While another set of

descendants became Cambarus and Cambaroides. Part of this

branch migrated into America and ultimately, in Mexico accord-

ing to Ortmann's evidence, became the present Cainbarus with

reduced gills and highly specialized receptacle and stylets. The

other part remaining in Asia independently lost the receptacle but

retained the larger number of gills as well as the hooks.

We might then find in Cambaroides indications of the former

presence of a sperm receptacle. As such we regard the hooks

that have no known use except as aids for the filling of a recep-

tacle. As such we regard the presence of ligula, spatula and

canula at the tip of the stylet.

The absence of a tubule in the stylet, its clumsy form and the

reduced prominence of its tip as well as the simplicity of the

triangle of the second stylet might also be regarded as signs of

degeneration.

Zoo/. Anzeigtr, 1909.
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But speculation is here very insecure and if use inheritance or

some law of perfection were known it would be easy to argue
that Cambaroides was an incipient Cambarus evolving from Asta-

cits. In any case the common ancestor of Cambams and Cam-

baroides must have been far back as it had the larger number of

gills and as Cambaroides has the primitive characters of a well-

developed flagellum on the first stylet and a muscle at the mov-

able joint between protopodite and endopodite.

A diagram of the three genera would place Astacus and Cam-

baroides near together as having the same gill formula and as

lacking a sperm receptacle, while Cambarus should stand apart as

having a simplified gill formula and also very highly developed

sperm-transfer organs, including a sperm receptacle. At the

same time the diagram should indicate that Cambarus and Cam-

baroides kept together after departing from Astacits, and that

later Cambaroides went off in the direction of Astacits, leaving

Cambarus as at once the most specialized in its gills and the

most conservative in its retention of the very ancient crustacean

mode of sperm transfer by the employment of a sperm receptacle.

BALTIMORE, June 10, 1909.



STUDIES ON THE PHYSIOLOGY OF REPRODUC-
TION IN THE DOMESTIC FOWL.

III. A CASE OF INCOMPLETE

RAYMOND PEARL AND MAYNIE R. CURTIS

ORIGIN AND GENERAL CHARACTER OF SPECIMEN.

From a chick hatched in the spring of 1907, at the Maine

Agricultural Experiment Station, there developed the bird

which forms the subject of this paper. This bird was a Barred

Plymouth Rock and when adult presented externally the general

appearance of a normal hen of this variety, so far as the charac-

ters body form and plumage color were concerned
(cf. Plate

I.).

As the photograph in Plate I. shows, however, the head and

neck resembled these parts in a cockerel. This resemblance was

especially remarkable in respect to the size and shape of the

comb and wattles. The comb was obviously much larger than

the comb of a normal Barred Plymouth Rock hen and looked

exactly like the comb of a male bird. This was also true of the

wattles.

The dimensions 2 of the comb of this bird were as follows :

Length ........................................................... 88.4 mm.
Calculated height .............................................. 25.1 mm.
Area............................................................... 22.2 cm. 2

For normal adult Barred Plymouth Rock females the follow-

ing average values for comb size have been found :

3

Mean length ............................................ 50.80 .56 mm.
" calculated height ............................. 10.57^.23

"

" area ............................................. 5.59 .!7cm.
2

It is evident from these figures that the comb in this specimen

greatly exceeds in size the average for females of the variety.

1

Papers from the Biological Laboratory of the Maine Agricultural Experiment

Station, No. 13.
2 Made in accordance with the methods described by R. and M. D. Pearl in a

paper "Data on Variation in the Comb of the Domestic Fowl," Biotnctrika, Vol.

VI., pp. 421-423.
3
Pearl, R. and M. D., loc. cit., p. 427.
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In regard to behavior this bird resembled a normal hen rather

more than a cock. She was never heard to cluck, however, or to

make any of the sounds which normal active hens make in the

course of the day's work. This bird probably never laid an egg,

though we are unfortunately not able to make an absolute state-

ment on this point. The egg records of the station show an egg
to the credit of this bird on November 7, 1907. This was the

only egg ever recorded for this bird, and it is undoubtedly an erro-

neous record. As will presently appear, the condition of the

sexual organs was not such as to indicate that they had ever

been functional.

Cockerels placed in the pen with this bird would try to fight

with her as if she were a cockerel
;
but she would not fight.

FIG. I. Outline of the lateral aspect of the comb of the Barred Plymouth Rock hen

described in this paper. This outline is actual size.

We have no evidence that a cockerel ever attempted copulation

with this bird. These facts are of interest in relation to the ques-

tion of the basis of sex-recognition and the assortative mating

known to occur among fowls. Is a normal pullet with an un-

usually large comb less likely to have her eggs fertilized than a

bird with a smaller comb ?

This bird was observed occasionally to take the position of a

cockerel about to crow and attempted to crow but never suc-

ceeded in very closely approximating the sound of a normal cock

bird. The bird was never seen to attempt to tread a hen.
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AUTOPSY.

The appearance and behavior of this bird led to the suspicion

that it represented a case of true hermaphroditism. On August

24, 1908, the bird was killed and a post mortem examination

made. The weight of the body after bleeding was 2,725 grams.

The body cavity contained much fat. The alimentary tract and

attached viscera were entirely normal. The following measure-

ments were made :

From gizzard to origin of coeca 167 cm.

Longest coecum 22 "

From origin of cceca to cloaca 13
"

The following weights were taken :

Gizzard 125 gms.

Liver 44
"

Heart 9-5
"

Spleen 4.5
"

On the left side of the body was a normal oviduct. There was

an ovary in the usual position. It was of about the size of the

ovary of a laying hen after the removal of large yolks. It had

a coarsely granular appearance and showed many folds. There

were no eggs visible and its surface did not have the ragged

appearance, due to ruptured follicles, which is characteristic of

the ovaries of laying hens. The rest of the urinogenital system

was completely covered by fat. The part of the body containing

this organ system was hardened in formalin for further dissection.

GROSS ANATOMY OF REPRODUCTIVE ORGANS.

Dissection confirmed the suspicion of hermaphroditism. On

the left side were the female-like reproductive organs described

above while on the right side there was a set of organs similar to

those of the normal male. The gross anatomy of the reproduc-

tive system in this bird is shown in Plate II., Fig. I.

The female organs were more nearly normal than the male.

The ovary, like a normal ovary, was ventral to the craniad lobe

of the left kidney, covering, when viewed from the ventral side,

all but the caudo-lateral angle of this lobe. It extended past

the cranial margin of the kidney in the hermaphrodite nearly to,

and in the normal hen with which comparisons were made,

slightly beyond the fourth rib. In the hermaphrodite the ovary
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was developed less on the medial side than in the normal hen.

The measurements of greatest length and breadth of ovary in the

hermaphrodite were 29 mm. by 16 mm. while in the normal hen

they were, excluding the projecting yolks, 34 mm. by 20 mm.
The ovary was attached to the body wall near the middle line

by a thick stalk-like portion. This appeared perfectly normal.

Its longest dimension (cranio-caudal) was I 5 mm. compared to

1 8 mm. in the normal bird. The external appearance of the

ovary was quite different from that of a normal ovary. It seemed

to be a coarsely granular but otherwise homogeneous mass

covered by peritoneum and minutely and very irregularly folded.

It did not have the ragged appearance of the normal ovary and

the minute folded masses did not look like the yolks of similar

size in the normal ovary. They seemed to be folds on the surface

of a homogeneous mass rather than small spheres of yolk en-

closed in follicles.

The oviduct was normal in appearance and in position. The

mouth of the funnel faced the ovary while the cranial ends of the

lips were fused and extended across the left kidney to the fourth

thoracic rib some distance laterad of the cranial end of the ovary.

The caudal ends of the lips also fused and were attached to the

ventio-median margin of the ligament which holds the convolu-

tions of the oviduct in place. The oviduct presented the same

principal convolutions as a normal active oviduct. It was larger

than the oviduct of the adult hens we have examined which had

never laid and the ovaries of which did not show a number of

yolks. Table I. gives the lengths of the oviducts we have been

able to examine in this condition.

TABLE I.

Dimensions of Oviducts of Pullets ivhich have Never Laid and -which have no Grow-

ing Yolks on Ovary. Hermaphrodite Includedfor Comparison.

Band Number of

Bird.
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given in the first line of this table is 47.0 cm. This is just twice

the length of the next shorter oviduct, that of hen 222 E. The

oviduct is however smaller than in hens actively engaged in egg

production in the middle of a laying period. It compares most

nearly in size with the oviduct in hens which have ceased laying

from 5 to 1 6 days before examination, or to those with 4 to 6

large yolks on the ovary. In order that this comparison may
be readily made Table II. is introduced. This table is compiled
from records in the archives of the laboratory and gives certain

data in regard to normal hens having oviducts between 44.5 cm.

and 50.5 cm. long, /. t\, of approximately the same length as

that of the hermaphrodite hen No. 16. The table includes the

following data : (a) length of oviduct in cm.
; (//)

the number of

yolks i cm. or more in diameter on the ovary at the time of

autopsy; (c] the number of days elapsed since the last egg was

laid. In case the bird never laid the sign oo is used to denote

this fact.

TABLE II.

Data from Normal Hens on Oviducts of Same Size as that of Hermaphrodite Bird.

Band Number of
Bird.
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at the end of the funnel and became gradually heavier and

higher. In the albumen-secreting portion of the tube they were

heavy, high and irregularly lobed. The ridges at the cranial end

of the isthmus were thin and straight but did not preserve that

character so strictly as in a normal oviduct, so that near the

shell gland they resembled the ridges in the albumen-secreting

portion. The shell gland ridges were high, very irregular and

much lobed. These turned dark in the preserving fluid as we

have often noticed to be the case with normal oviducts. The

vagina had the characteristic low straight ridges. The dimen-

sions of the various parts of the oviduct were as follows :

Length of funnel neck 2.5 cm.

Width of flattened tube at point where funnel passes into

albumen portion 0.6 "

Length of albumen portion 18.5
"

Width of flattened tube at widest part of albumen portion 0.9
"

Length of islhmus 7.0
"

Length of shell gland 7.5
"

Width of widest part of shell gland 2.0 "

Length of vagina 11.5
"

The opening of the oviduct was in the normal position,

slightly to the left of the midventral line. The margin of the

opening was folded, but was inconspicuous while in a laying hen

it protrudes a little into the cloaca. A large probe was passed

from the vagina into the cloaca demonstrating a natural opening
between these organs.

The left suprarenal body was covered by the cranial end of

the ovary as in normal cases.

Directly opposite the middle of the ovary on the left side of

the body was a small irregular, though generally ovoid organ,

the testis (Plate II., 7").
This organ was 9 mm. in length by 6

mm. in greatest breadth. It was attached to the body wall by
its broad side with the more convex side median and the nearly

straight side lateral. This organ did not appear macroscopically

like a testis but looked to the naked eye or through the hand

lens, like a small mass of the same sort of tissue as the ovary

already described, but covered with an additional layer of con-

nective tissue which obscured the minute foldings.

From the lateral side of the testis a duct passed to the cloaca
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running parallel to the median line and ventral and lateral to the

ureter. This tube was nearly straight throughout its course, but

had a few convolutions near the cloacal end. It had the posi-

tion and appearance of a normal vas deferens in a young cockerel.

The tube was heavy walled and gradually increased in diameter

caudad. Sections showed that this duct had a definite lumen.

There was no enlargement comparable to a seminal vesicle. It

was not possible to demonstrate an opening into the cloaca.

HISTOLOGY OF THE LEFT GENITAL GLAND (OVARY).

The left genital gland was much less finely lobulated than a

normal ovary. The large lobules had smooth contours. The

organ was covered with a layer of peritoneum. Over most of

the surface the cells of this layer were nearly cubical but in some

portions they were shorter than broad while in other regions they

were nearly twice as tall as broad. Over a few small areas there

was an outward proliferation of this epithelium so that evaginated

folds of the epithelium four to six cells deep projected from the

surface. In a few cases these evaginated ridges were still further

folded along their lateral margins.

Beneath the peritoneal layer was the tissue which formed the

bulk of the organ. This was a highly cellular but much vacuo-

lated tissue, the cells of which were not unlike the cells of the

stroma of a young ovary. This tissue was nearly uniform

throughout the organ. In the vacuoles of this tissue were found,

in many portions of the organ, irregular non-cellular masses

which stained deeply with acid stains, especially eosin. Some of

these masses were surrounded by a single layer of very much

flattened cells. They did not appear like ova nor did the sur-

rounding cells resemble normal follicle cells. In the part of

the organ ventral to the suprarenal body were a few spherical

portions of the stroma-like tissue which were more dense and

took a deeper stain with haematoxylin. These portions did not

differ in other particulars from the surrounding tissue.

The stroma-like tissue contained few blood vessels but a

highly vascular connective tissue penetrated the organ from the

stalk. This tissue appeared like a core to the organ projecting

into the larger lobules in tongue-shaped masses.
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No Graaffian follicles or Pfliiger's tubes were found, though
series of sections from all parts of the gonad were examined.

The general histological structure of the organ was such as to

indicate that it was in a degenerating condition at the time the

bird was killed. This process of degeneration had gone so far

that nothing like normal ovarian tissue was to be found. Whether

at any time in the life of the bird any part or all of the ovary had

been normal in structure, it is impossible now to say. The con-

dition of the gland at death afforded no certain evidence either for

or against this view. That oogenesis, however, could not have

gone beyond early stages during the later life of the bird is made

probable by the fact that it did not lay (except for the single doubt-

ful egg noted on p. 272), although possessed of a normal oviduct.

The net result of the microscopical examination of the left

genital gland, which had the normal anatomical relations of an

ovary, is negative.

HISTOLOGY OF THE RIGHT GENITAL GLAND (TESTIS).

The limiting membrane of the right genital gland was not very

thick and was poorly preserved in our sections. Such parts of

it as were intact seemed to have a cellular outer layer with a

fibrous inner layer. We could not be sure of futher histological

details nor could we determine the extent of this tunic.

The gland contained no normal seminiferous tubules but

showed evidence of tubular origin. The central portion was

more dense than the periphery and in this more dense portion a

few places showed the cells arranged as if small cellular rods

had been cut in various planes. These rods might be considered

tubes without lumen. They were formed by a single layer of

nearly cubical cells, about the size and form of the epithelial cells

of the seminiferous tubules at the age when these form a single

layer nearly filling the lumen. Around these rods was a thin

layer of fibrous tissue. Between the dense central portion and

the periphery the epithelial cells gradually disappeared so that

the greater portion of the gland appeared to be a connective

tissue skeleton representing the basal membranes of the tubes
(

and the intertubular stroma of the young gland. Most of the

tubes formed by the remaining basal membranes contained a few
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cells but these were irregular and had lost their epithelial char-

acter. In some of the tubes were eosin-staining non-cellular

masses like those found in the left genital gland. In the right

gland we did not find cells surrounding these masses.

On the dorsal side of the organ was a mass of tubules. Those

seen in each section varied considerably in diameter but they
were much smaller toward the cranial end of the organ. Thiso
mass of tubules extended the full length of the testis. The
tubes were lined with simple, heavily ciliated, columnar epi-

thelium. Outside this, especially in the larger tubules, could

be distinguished one or more layers of smooth circular muscle

cells. The tubes were imbedded in connective tissue. This

tubular structure was in all essential particulars precisely like a

normal epididymis and without any question represents that organ.

A photograph of a section through the epididymis is shown in

Plate II., Fig. 2. The magnification used in this figure is low,

but on the original negative the cilia on the cells lining the tubes

can be plainly seen.

On the median side of the testis and lying for the most part at

the side of the epididymis, though in some portions extending

between the gland and the epididymis, was a mass of very vascu-

lar connective tissue.

Sections of the vas deferens at about the middle of its length

showed it to be a tube considerably larger in diameter than the

largest part of the epididymis. It was lined with columnar

epithelium showing, in some sections, two rows of nuclei close

together. In some sections cilia could be distinguished, but they

were not so easily demonstrated as in the epididymis. There

was a subepithelial layer of non-muscular tissue, probably the

mucosa, and outside this a thick layer containing smooth muscle

fibers. We were unable to distinguish different muscular layers

in our sections.

The lumen of the vas deferens and also parts of the epididymis

contained masses which stained strongly with eosin. These

masses included irregular fragments that took the chromatin stain.

In general, the histological study of the right genital gland led

to the same conclusion as did that of the left, namely, that we were

dealing with a degenerating structure. As is indicated in the
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foregoing description, however, the right gland approached some-

what more nearly to the normal than did the left. Whether this

organ was even functional, however, in the sense of containing

actively dividing spermatogonial cells, cannot be determined from

the evidence afforded by the histology of the gland at death. It

may or may not have been. One cannot tell. So then again

our results on the question as to whether actual spermatogenesis

occurred in this hermaphrodite fowl are negative. All that can

be positively affirmed is that at the time when the bird was killed,

both sexual glands were in an inactive and degenerating condition.

DISCUSSION OF RESULTS.

The case above described presents a number of points of con-

siderable theoretical interest which we may now, with the facts in

hand, proceed briefly to discuss.

The first point to which we would direct attention is the peculiar

combination or correlation of sexual characteristics (primary and

secondary) which existed in this bird. Externally it presented a

condition essentially similar to the rarely observed antero-posterior

gynandromorphism of insects. Anteriorly the bird was male in its

external somatic characters
; posteriorly it was female. The truth

of this statement may be demonstrated in a striking manner by

placing the edge of an opaque card along a line connecting the

letters a and b in Fig. I of Plate I. and turning the card about

this edge as an axis so as to expose alternately the anterior and

posterior parts of the bird. When the card covers the posterior

part of the bird what one can see
(/. e., the anterior part) is un-

mistakably and indubitably male. On the contrary, when the

anterior part is covered by the card, what of the bird is then to

be seen is equally unmistakably female. The " maleness
"
and

" femaleness
"

of these two portions of the body extend to the

most minute details of structure, perhaps not apparent to anyone

not perfectly familiar through first-hand practical experience with

poultry and particularly Barred Plymouth Rocks. Thus the

beak which is not ordinarily reckoned as a secondary sexual

character in this bird is to the fancier unmistakably that of a

male.

It is certainly a remarkable fact that with this perfectly clear
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and definite somatic gynandromorphism there is associated an

absolutely inactive condition of the primary sexual organs, so far

as the functions of spermatogenesis and oogenesis are concerned.

The case shows clearly enough that the secondary sexual char-

acters of both sexes may exist without the accompaniment of

functionating germinal epithelium in the same individual. It

does not prove that the secondary characters may originally de-

velop in the absence of the functioning of the primary glands,

because of the uncertainty as to whether either of the glands

was ever functional in this specimen.

There has accumulated in recent years a considerable mass of

evidence,
1

particularly from medical, surgical and gynecological

workers, tending to show that the development of secondary

sexual characters is in some way controlled through internal

secretions (containing hormones) produced in some part or parts

of the primary sexual apparatus. While the general fact of such

a relationship is now to be regarded as quite definitely estab-

lished, the details of the process are as yet by no means worked

out. Whether these secretions are elaborated in cells of the

germinal epithelium proper, from interstitial or stromal cells, or

from the accessory parts of the reproductive apparatus (e. g.,

epididymis, oviduct, etc.) is, in general, still unknown. It might

at first thought be supposed that the present case, inasmuch as

the glands are degenerate and non-functional whereas the acces-

sory male and female organs (epididymis, vas and oviduct) are

complete and normal, afforded evidence in favor of the view that

these latter organs are sources of internal secretions influencing

secondary sexual characters. Any presumptive warrant for such

an inference, however, is largely if not entirely taken away by
evidence of another kind. We have conclusively shown, for

example, in unpublished experimental work that complete or

partial removal or ligation or section of the oviduct in the do-

mestic fowl, undertaken before or after the oviduct has become

functional, is without any effect whatever on the development or

1 It seems unnecessary to print in extenso here the long list of literature which ex-

ists on this subject. An introduction to this literature will be found in Morgan's
" Ex-

perimental Zoology," Chapters 28 and 29, and in Bayliss, W. M., and Starling, E.

H., "Die chemische Koordination der Funktionen des Korpers," Ergeb. der

Physiol., Jahrg. V., pp. 664-697, 1906.
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persistence of the female secondary sexual characters. The fact

that in man vasectomy (practised, for example, in Indiana for the

sterilization of criminals and certain other undesirable citizens)

produces no effect whatever on secondary sexual characters or

the sexual appetite is again evidence in the same direction.

The present case, of course, affords no direct evidence as to

whether a secretion influencing secondary sexual characters may
not be produced by the interstitial or stromal cells.

A further point of considerable interest lies in the fact that in

this bird we have a fully developed, normal, and so far as can be

told, entirely functional oviduct in the absence of a functional

ovary. Normally in the hen the oviduct is in an atrophied, non-

functional condition at times when laying is not going on, i. e., when

the ovary is not functioning. In the young pullet the oviduct

stays in an infantile condition until the oocytes begin to enlarge

by the deposition of yolk just before laying begins. As the yolks

approach the size at which they are separated from the ovary the

albumen-secreting and other glands of the oviduct become enor-

mously enlarged and the whole organ passes into the "
laying

condition." After laying stops the glands quickly atrophy and

the whole organ goes back to the adolescent condition. In other

words, there is in the normal bird a close correlation between the

functioning of ovary and oviduct. There is, of course, a similar

apparent correlation between ovary and uterus in mammals. 1

Now in this hermaphrodite specimen the correlation is apparently

upset. We have the oviduct in "laying condition
"

in a bird in

which the ovary is absolutely non-functional so far as ovulation

is concerned. The two cases of hermaphroditism in the domestic

fowl described by Shattock and Seligmann
2

essentially parallel

ours in this regard. In both cases they found a well-developed
1 Here the brilliant work of Dr. Leo Loeb is establishing, by means of analytical

experimentation, the causal factors in the physiology of the uterus. Cf. Loeb, L.,
" The Production of Deciduomata and the Relation between the Ovaries and the

Formation of the Decidua," Jour. Amer. Med. Assoc., Vol. L., pp. 1897-1901.

June 6, 1908.
2
Shattock, S. G., and Seligmann, C. G.,

" An Example of True Hermaphroditism

in the Domestic Fowl, with Remarks on the Phenomenon of Allopteratism," Trans.

Pathol. Soc. London, Vol. 57, pp. 69-109, Plate L, 1906. "An Example of In-

complete Glandular Hermaphroditism in the Domestic Fowl," Proc. Roy. Soc. Medi-

cine, Vol. L, pp. 3-7, 1907.
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oviduct, though the ovary was distinctly not in ovitlating condi-

tion.
1 These cases point strongly to the idea that the mutual

interrelationship between ovary and oviduct in birds is very far

from being of such a simple character as one would be led to

infer from observation of normal specimens. Here, as in other

instances, teratology may furnish the clue for the elucidation of a

normal physiological process.

SUMMARY.

The purpose of this paper is to describe in detail a case of in-

complete hermaphroditism in the domestic fowl. It is shown

that:

1. In its external somatic characters the specimen was an

antero-posterior gynandromorph.
2. Internally the bird possessed on the left side a large,

lobulated gland in the position and anatomical relations normal

to the ovary. There was also a fully developed, normal oviduct,

in functional condition on the left side of the body.

3. On the right side of the body was a small organ in the

position and anatomical relations normal to the right testis. At-

tached to this organ was a normal epididymis and vas deferens

leading to the cloaca.

4. Microscopical examination showed that both sex glands

were in a condition of extreme degeneration. Neither spermato-

genesis or oogenesis could be found in any part of either gland.

5. Certain theoretical aspects of the case are discussed.

1 These authors did, in these cases, succeed in finding some evidence of actual

oogenesis, but not of ovulation, either past or prospective.
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EXPLANATION OF PLATE I.

Showing the hermaphrodite specimen described in the text. A normal male and

female of the Barred Plymouth Rock breed are shown for comparison.

FIG. I. Hermaphrodite specimen. A line connecting the letters a and b marks

the division region between the male and female portions of the gynandromorphic

condition. Cf. text, p. 280.

FIG. 2. Normal Barred Plymouth Rock cockerel.

FIG. 3. Normal Barred Plymouth Rock pullet.
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EXPLANATION OF PLATE II.

FIG. I. Photograph showing the gross anatomy of the genital organ of the

hermaphrodite specimen. 0, ovary, f, funnel mouth of oviduct (ostium tubre ab-

dominale). S, region of shell gland of oviduct. T, testis. V. D.
,
vas deferens. U,

right ureter. A black card is placed behind the vas deferens and ureter in the lower

portion.

FIG. 2. Microphotograph of section through epididymis. Obj.: Spencer 32

mm.; 6 X compensating ocular.
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I. INTRODUCTION.

The life cycle of infusoria has been the subject of numerous

investigations since Ehrenberg suggested on a priori grounds that

the protozoa are so simply organized that they are not subject to

natural death, and Dujardin opposed the view and maintained

that the life history of infusoria comprises a cyclical change in

vitality which terminates in death.

Butschli ('76), Engelmann ('76), Maupas ('88 ; '89), Joukowsky

('98), Simpson ('01), Calkins ('02 ; '04), Woodruff ('05), Popoff

('07) and Gregory ('09) have all advanced evidence tending to

show that infusoria when bred under somewhat constant culture

conditions pass through a more or less definite physiological

cycle. This cycle is characterized by an initial high potential of

division which gradually is expended until reproduction finally

ceases, and death puts an end to the cycle unless conjugation is

permitted or artificial stimuli are employed. Characteristic mor-

phological changes, both cytoplasmic and nuclear, appear in

many cases as "senile degeneration
"

increases.

Enriques ('08) in a recent paper has again opposed the idea

of old age and physiological death in protozoa and has con-

tended that the results which support the cyclical character of

the infusorian life history have been obtained by faulty culture

methods. The conclusion of Enriques is, I believe, somewhat

too sweeping, and is based in part on a misunderstanding of the

methods by which the most extensive cultures have been con-

287
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ducted. The work on the infusorian life history has clearly

shown that many species of infusoria, when bred on a more or

less constant culture medium, pass through quite definite cycles.

Calkins, Woodruff, and Gregory have shown also that specific

changes in the environment at critical times may "rejuvenate" a

culture and lengthen its life for long periods. It is demonstrated,

I believe, that the life history of the infusorian is cyclical when

subjected to a constant environment, and it is also demonstrated

that the life history may be lengthened by the timely use of

various stimuli.

I have defined a cycle as " a periodic rise and fall in the fission

rate, extending over a varying number of rhythms, and ending in

the extinction of the race, unless it is 'rejuvenated* by conjuga-

tion or changed environment}
1 l This suggests the idea that it

may be possible to eliminate the cyclical character of the division

rate by constantly subjecting the organisms to a varied environ-

ment and the present investigation is devoted to this aspect of the

problem. In a former paper
2

I have given an outline of my
studies up to May, 1908, on the life history of Paramecmm when

subjected to a varied environment. The present paper presents

the data to June 29, 1909.

II. METHODS.

A "wild" Parameciinn aurelia (candatuui) was isolated from a

laboratory aquarium on May I, 1907, and placed in about five drops
of culture medium on an ordinary glass slide having a central

ground concavity. When this organism had divided twice, pro-

ducing four individuals, each of these were isolated on separate

slides to start the four lines, I-a, I-b, I-c and I-d which compose
this culture (Paramecium I).

3 The culture has been continued

by the isolation of an individual from each of these lines almost

daily throughout the life of the culture up to the present time

(June 29, 1909). A record has been kept of the daily divisions

of each line, and the average rate of division of the four lines of

the culture and this again averaged for five- ten- and thirty-day

1 Woodruff" ('05).
2 Woodruff ('oS

2
).

3 For further details in regard to technique see Woodruff ('05).
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periods has been plotted (cf. Figs, i, 2 and
3). Permanent prep-

arations have been preserved at various periods in the life history
for the purpose of studying the cytoplasmic and nuclear changes,
if present.

The culture was carried on at the Thompson Biological

Laboratory of Williams College, Williamstown, Mass., during

May and June, 1907 ;
at the Marine Biological Laboratory,

Woods Holl, Mass., during July and August, 1907 and 1908 ;

and at the Sheffield Biological Laboratory of Yale University,

New Haven, Conn., from September, 1907, to July, 1908, and

from September, 1908, to the present time (June, 1909).

During the first nine months of the work the culture medium
was made of hay or grass ; but, except during certain periods in

which the culture was employed as a control for special experi-

ments,
1

the infusion was made with hay from various localities,

and different proportions of hay and water were used almost

daily. Water from different sources was employed. The tem-

perature of the infusion was always raised to the boiling point.

In some cases the infusion was used as soon as it had again at-o

tained the room temperature ;
in others, it was allowed to stand

for twenty-four hours before it was employed.
From February, 1908, to the present time, June, 1909, how-

ever, a more varied culture medium was employed. Paramecium

will thrive in nearly any infusion which may be made from materials

collected in ponds and swamps, and therefore, in an endeavor to

supply as far as possible all the elements which may be en-

countered in the usual habitat of the organism, water was taken

from ponds, laboratory aquaria, etc., together with their animal

and plant life. In other words, no definite method was used in

selecting the material, but it was simply collected at random from

what might be the abode of infusoria, and thoroughly boiled.

Probably the only condition present in the life of this culture

which could not be encountered by a wild Paramecium was that

the water had been boiled, but this was essential in the experi-

ments in order to obviate the possibility of the contamination of

the culture by an active or encysted wild specimen. Conjuga-
tion was impossible in the direct lines of the culture on account

of the frequent isolations and change of medium.

'Woodruff ('08').
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III. DESCRIPTION OF CULTURES.

Culture I has attained, during the first twenty-six months of

its life, the 1,23 8th generation. The average rate of reproduc-
tion for the entire period has been over one and a half divisions

per day, and during not a single ten-day period has the average
rate fallen as low as one division in two days, while during several

ten-day periods the rate has averaged over two and a half

divisions per day.

Fig. i shows, by the familiar block method, the average rate

of division of Culture I for ten-day periods. Especial emphasis
is put on the character of this curve as the results of Calkins'

cultures are plotted for ten-day periods. A study of this diagram
shows that the life history falls naturally into two parts. The

first extends from period one to period thirty, and the second

extends from period thirty to the present time. These two

major parts of the curve are coextensive with different methods

in the treatment of the culture. The culture medium used dur-

ing the periods covered by part one was very much more uniform

than that used during part two
;
the decidedly varied environ-

ment not being employed until February, 1908. The effect of

this treatment is shown in the decided change in the character

of the curve of the division rate from that period to the present.

The general vitality of the protoplasm is considerably higher as

is shown by the fact that only once since that time has the curve

for a ten-day period fallen below one division per day, and that

period represents the culmination of the more or less severe

treatment which the culture received when it was carried to Balti-

more during convocation week. However, to the change of

water and other conditions incident to the journey is apparently

to be attributed the stimulus which enabled the culture to attain

a short time after an average rate of nearly two and three quarters

divisions per day (see Fig. I, periods 64 and 65), the highest

reproductive power shown in the life history for any ten-day

period.

A study of Fig. 2, which is plotted by the same method as

Fig. i except that the periods are of thirty-day instead of ten-

day duration, also shows clearly the effect of the varied culture

medium which has been in use from February, 1908. The rate
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of reproduction has never again fallen as low as it was when this

treatment was begun. When averaged for thirty-day periods the

highest rate of division appears in June and July, 1908 ;
the

great rise in vitality which occurred in February, 1909, and is

shown in periods 64 and 65 of Fig. I (ten-day periods) is not so

conspicuous, as the average is reduced by the low rate of fission

during the two periods preceding.

A similar examination of Fig. 3, in which the rate of division

is averaged for five-day periods, is not so instructive because the

influence of the rhythms is more clearly brought out during short

periods, so that the general trend of the curve of the life history

is somewhat obscured. However, when the curve is surveyed in

its entirety it illustrates the fact that the vitality of the organisms,

as indicated by the fission rate, has maintained a higher average

since the use of a promiscuous culture medium was instituted.

In order to determine more fully the effect of a very constant

environment on this same race of Paramecium which was

being maintained on a varied environment, there was isolated

from each of the four lines, on February 19, 1909, at the I,i2ist

generation, a second culture, designated Paramecium I
s

. This

culture was submitted to as constant an environment as was prac-

ticable, according to the general method of Calkins. There were,

then, two cultures of the same protoplasm running simultaneously,

one being subjected to a varied or promiscuous culture medium,

and the other to a comparatively constant culture medium. As a

matter of precaution, and to show if there was anything

intrinsically deleterious in the medium provided for Culture I
s

,

its constant medium was employed at various times as a

temporary medium for Culture I. This, of course, simply in-

creased the variability of the medium of Culture I. Also, near

the end of the I
s

series, its medium was employed not only for

Culture I, but also for two cultures of ex-conjugant paramecia

(Paramecium IIy and Paramecium IP) from an entirely different

source from that of the Paramecium of Culture I.

The results of these experiments with a constant and varied

environment on the same protozoan protoplasm are shown graphi-

cally in Fig. 4. A glance at this curve shows that the vitality

of the protoplasm of Culture I
s

(constant environment), as meas-



STUDIES ON THE LIFE CYCLE OF PARAMECIUM. 295

ured by the fission rate, immediately fell below that of Culture I

(varied environment), and that a consistent decrease in division

rate was maintained until Culture I
s died out on June 6, 1909,

at the i, 1 59th generation, after having been one hundred and

seven days, or a little more than three months, on the constant

medium
;
whereas the protoplasm of Culture I maintained about

the same general average vitality throughout the period and had

attained the i,2OOth generation, a gain of forty-one generations

in 107 days over the I
s culture. That the death of the I

s culture

was not due to some sudden and accidental inimical change in

the medium is proved by the fact that the same culture medium

when used temporarily for the other cultures produced no dele-

terious effect, and also by the character of the curve of the fission

rate of the I
s culture which has a consistent general downward

trend except as it is affected by the rhythms. A comparison of

the I
s culture curve and the curves of Calkins' Paramecium

cultures shows a striking similarity in character. The cycles in

Calkins' A culture were of six months duration and varied between

1 26 and 200 generations in length. My I
s culture passed through

only 138 generations, but as it actually represents only the down-

ward slope, or second half, of a cycle of Calkins' culture, my I
s

cycle is really somewhat longer than those of Calkins. This

point is only of interest in that it indicates in a general way the

comparative similarity of the reactions of the protoplasm of para-

mecia from widely different sources to the same general condi-

tions
;
and because it removes the possible objection that the I

s

culture died out because it had been acclimated to the varied en-

vironment, and consequently it could not withstand the change

to a constant medium. Of course, this is only a formal objection

at best as there is every reason for supposing that the wild para-

mecia with which all cultures are started have been subjected

for countless generations to considerably greater variations in

their environment than it is possible to supply artifically.

IV. DISCUSSION.

Up to the present time Culture I has not completed a "
cycle

"

and all the fluctuations in vitality, as indicated by the division rate,

fall under the head of "
rhythms," as previously defined by me,

1 Woodruff ('05).
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viz., "A rhythm is a minor periodic rise and fall of the fission

rate, due to some unknown factor in cell metabolism, from which

recovery is autonomous." The rhythms are more evident when

a more constant environment is maintained, as I have shown in

a study of the effect of a particularly stable environment on

Gastrostyla steinii, during the months of July, August and Sep-

tember (cf. Fig. 5).

Gregory ('09) has plotted the curve of a Stylonychia culture

for five-day periods from the data of Popoff ('07), which shows

that the first four of the so-called "deep depression" periods

emphasized by Popoff resolve themselves into " normal rhythms

from which recovery is autonomous "
Gregory also points out

in her own 548 generation culture of Tillina magna that "the

curve which represents the general vitality of the protoplasm

shows the normal rhythmic fluctuations observed by Woodruff."

I have previously interpreted as rhythms the tri-monthly de-

pressions in vitality, which Calkins and the earlier workers on

Paramecinm have noted, and the results obtained from my cul-

ture of Paramecium seem to indicate that the semi-annual cycles

of Calkins are also actually rhythms, recovery from which was

not autonomous under the conditions of a constant environment.

The general occurrence of rhythms in the life history of infusoria

is established, I believe, but to what they are due is still awaiting

discovery.

Gregory has emphasized the point that "
Enough considera-

tion has not been taken of the fact that not only does each indi-

vidual vary in its degree of sensitiveness at different periods in

the life history, as suggested by Towle and shown by the rhythms

of Woodruff, but each individual of the same species as well as

of different species has its own peculiar protoplasmic reactions.

Woodruff himself has failed to consider this fact in his last paper

on the effects of a varied environment on Paramecium. . . . He

cannot logically compare his results with those of Calkins for he

is not dealing with the same protoplasm. . . ." In 1905 I

wrote :

" My cultures lead me to believe, with Simpson, that

the personal equation, if I may use that term, of the individual

selected to start a culture has the most influence in determining

the number of generations attained. . . . Calkins' discovery of
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what he calls
'

incipient fertilization "... would seem to bear

out this point, and to show that the number of generations, or the

period, over which a cycle extends, is not a point of great

moment."

I have since found no reason to alter this opinion. But there

must be limits beyond which the "
peculiar protoplasmic reac-

tions
"

of any individual do not extend, otherwise each would be

a law unto itself and there would be as many laws as individuals.

Certainly we may reasonably assume that there are limits of time,

and generations, which a "cycle" (if
it exists) of any particular

species will not exceed. The earlier investigations apparently
indicated that about three months or about 100 generations was

the limit of the cycle of Paramecium. Calkins in his last paper
extended the cycle to about six months, or about 200 generations.

The present culture extends the "cycle" to more than twenty-
six months, and more than one thousand two hundred genera-

tions. The longest culture carried by Calkins (Culture A) lived

for twenty-three months, and attained 742 generations --but this

comprised four complete cycles, the last one terminating fatally.

It is necessary to contrast the cycle of Calkins' culture of about

six months duration, and two hundred generations, with the life

(cycle) of this culture, which is of twenty-six months duration at

present, and 1,238 generations. That is, this culture shows a

"cycle
"
twenty months longer in time, and, so far, of over one

thousand more generations.

The character of the life history must also be taken into ac-

count. There is a marked difference in the character of the Para-

mecium curve after February, 1908, when the decidedly varied

environment was begun (cf. Figs. I and 2). A similar difference

in character is evident in the Gastrostyla culture when the more

constant medium was being maintained
(cf. Fig. 5, July, August

and September), and the same is again strikingly shown in the

present culture of Paramecium in the experiments which sub-

jected the "same protoplasm
"

to a constant and a varied envi-

ronment simultaneously (cf. Fig. 4).

The term cycle, as has been pointed out, is a relative one, but I

think it is necessary to extend the conception of the cycle (as

worked out on infusoria on constant media) to an unwarranted
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extent if it is to be made to include the life history of the pres-
ent culture. I would not suggest that the protoplasm of every
wild Paramccium has the potential to attain over twelve hundred

generations or more-- undoubtedly there are strong and weak
strains among infusoria as among other classes of animals.

Again, it is possible that the different races of Paraincciinn

which Jennings ('08) has been able to isolate may have a phys-

iological as well as a morphological basis of distinction. It may
be also that I have been particularly fortunate in my haphazard
selection of culture material, so that the proper variations have

been available when necessary. It is true that any particular

ingredient of the infusion which might be needed would not long
be available for the organisms on account of the frequent change
of the character of the infusion, and Gregory has recently shown
in the case of Tillina, and I have shown in the case of Gastro-

styla, that daily stimulation with salts is often more efficacious

than an initial stimulation. But Calkins says in regard to the

second cycle of his A culture "... in December it was neces-

sary to keep them on the stimulant only a day or two to get the

desired result. The short treatment at this period sufficed,

because they were not allowed to become weakened to the same

extent as in the preceding period of depression." It is this factor

which has been taken into account in this study, and it is probable
that it has contributed largely to the vitality of the culture.

It must also be kept in mind that a certain amount of judg-
ment is exercised in selecting a representative specimen for

isolation. By experience one becomes quite familiar with the

normal movements, shape, and general appearance of the organ-

isms, so that it is possible to select a favorable specimen daily

for the continuance of each of the lines. The precaution is

nearly always taken to examine the culture again a few hours

after the isolations to see how the organisms behave in the fresh

culture liquid. If everything does not appear normal, a new

set of individuals is isolated from the " stock
"

(/.
c.

t
from the

one, three or seven individuals left after isolation, the number

depending on the rate of division during the previous twenty-

four hours). Undoubtedly the process practically results in the

artificial selection of the organisms which have the highest poten-
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tial of division and those which are most readily acclimated to

changes in their medium. Each and all of these factors may
contribute to the length of the life of the culture but after all

is done the " chances
"

are largely against the prolonged life of

the culture.

This culture suggests, then, the time-honored question whether

the protoplasm of infusoria has the potential of unlimited life

and reproduction, and the fundamental question as to the role

of conjugation in the life history of these organisms. Up to the

present time there has been no tendency to conjugate among the

individuals of this culture, although in the " stock
"

cultures,

consisting of the individuals remaining over after the daily isola-

tions, there has been ample opportunity for it to take place. The

daily isolations, of course, have precluded its occurrence in the

four direct lines of the culture. This result agrees with those of

Joukowsky on 3460 generation culture of Plenrotriclia lanceolata,

Gregory on a 548 generation culture of Tillina magna, and

Woodruff on an 860 generation culture of Oxytricha fallax, on a

448 generation culture of Pleurotricha lanceolata and on a 288 gen-

eration culture of Gastrostyla steinii. Maupas secured no conju-

gations in his cultures of Stylonychia mytilus and Oxytricha sp.,

though his other series yielded plenty of syzygies. That the

infusoria do conjugate is, of course, a matter of common observa-

tion
;
but I believe these results indicate that the phenomenon is

not so frequent in the life history as is generally believed. A
daily examination of twenty hay infusions, made up by several

different methods, has not shown a single case of conjugation

among the hypotrichous forms present either at the top or bottom

of the jars. In fact, not a single syzygy has been observed in

any species except Parameciiim, and in this form conjugation has

been very rare. However, a sudden transference of the para-

mecia from the comparatively constant culture medium of a hay
infusion to a different medium has produced marked epidemics

of conjugation. It is just possible that a constant medium is

necessary for the so-called miscible state (Calkins) to develop,

and that this becomes functional on transference to a decidedly

different medium. If this is so, it may account for the absence

of conjugation in my paramecia series on a varied medium, and
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its prevalence in Calkins' cultures on a constant medium. This

idea is not supported by my hypotrichous cultures which were

carried on a constant medium and still did not develop a tend-

ency to conjugate even when the culture medium was varied in

some special experiments. It is highly probable, however, that

the superficial conditions which induce conjugation may vary in

different species.

Periods of marked physiological depression have not appeared

during the first twenty-six months of the life of the Paramecium

I culture, but well-defined morphological changes have taken

place. I shall not discuss these cytological changes at present,

as I believe it is advisable to wait until the culture is terminated

naturally, or by accident, so that all the data from the complete
series may be discussed in its entirety. It is clear, however, that

the relation of the rate of division to the so-called "normal"

condition of the nuclei of Paramecium is not supported by this

culture, as decided nuclear changes apparently do not affect the

general vitality of the organisms. It may be noted further, that

not a single monster due to incomplete or otherwise abnormal

division has occurred in the entire 1,238 generations.

V. CONCLUSIONS.

The experimental study of the life history of infusoria has so

far clearly shown that :

The protoplasm of these organisms, when subjected to a com-

paratively constant culture medium, passes through long cyclical

changes in vitality which finally result in the death of the

organism.

The protoplasm may be "rejuvenated" by. suitable changes in

the culture medium (stimuli) at critical points in the cycle, and

thus be enabled to resume active reproduction for a longer

period.

The essential fact brought out by this study is that :

The protoplasm of the individual Paramecium isolated over

two years ago to start the culture has had the potential to divide

(so far) over one thousand two hundred and thirty times at an

average rate of more than three divisions every two days, and

the representatives of the untold millions of its progeny which are
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still in captivity give every indication of being in as normal phys-

iological and morphological condition as their ancestor. This

suggests that when the protoplasm is constantly subjected to a

suitable varied environment the cycle may be greatly prolonged
and probably entirely eliminated the fluctuations in vitality not

transcending the rhythm.

SHEFFIELD BIOLOGICAL LABORATORY,
YALE UNIVERSITY.
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ON THE METHOD OF CELL DIVISION IN T/ENIA. 1

A. RICHARDS.

Within the last few years the question of the significance of

amitosis has pushed its way forward with renewed activity.

From the classic views of Ziegler and vom Rath, Flemming and

others that amitosis may be expected in unicellular organisms, in

degenerating and senescent cells, and in highly specialized and

pathological tissues opinion in some quarters has departed widely.

On the one hand the tendency has been to narrow this view.

In many of the Protozoa mitosis has been found quite general, at

least in some stage of the life cycle, while in certain Rhizopods,

as Arcella and Euglypha, where direct division was formerly

thought to be the means of reproduction, it is now known that

mitosis is the common method. In the case of highly special-

ized cells numerous examples are reported in which careful study

has shown mitosis as the chief means of division. An example

of this tendency is seen in Strasburger's work on the tapetum

cells. He found that while the period of mitotic division was

very short it was sufficient to account for all the observations

that had hitherto been explained on the basis of amitosis. Again

the application of improved cytological methods of fixing and

staining have thrown into disrepute, to a large extent, the old

view of the occurrence of direct division in pathological tissues
;

indeed the phenomenon of reduction has been described in cancer

cells. On these lines of research, then, the tendency has been

to limit our notions of the role of amitosis in nuclear and cell

division.

On the other hand more recently a new line of reasoning has

been developed, perhaps more rapidly than the facts warrant.

This new line, of which Child is the chief, although not the first

exponent, is to the effect that direct nuclear division occurs in

rapidly dividing cells and in cases in which an orthodromic or

acyclic process is involved. In this connection the statements of

1

Laboratory of Zoology, University of Wisconsin, June 4, 1909.
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several writers that mitosis may follow amitosis are to be noted in

which they cite cases of direct division in the maturation and pre-

maturation stages of various forms. To meet these claims we
shall doubtless have to revise somewhat our ideas of the mean-

ing of amitosis, but at present the progress toward such a re-

vision seems to have overstepped the bounds of conservatism.

Among the older workers on this line are Meves, Preusse,

and Pfeffer. Meves found amitosis to occur in the early stages

of spermatozoon formation in Salamandra in the autumn followed

by mitosis in the spring, but some of these cells have since been

shown to take no part in the formation of spermatozoa. Preusse's

work has been much quoted in this connection. He found

amitosis in the ovaries of Hemiptera. However, a reinvestigation

of this case by Gross in 1901 served to bring it under the theory

of Ziegler and vom Rath. Gross showed that this method of

cell division did occur but much less widely than described by
Preusse. Its occurrence is restricted to two kinds of cells,

degenerating and secretory ; this, of course, proved that he

was dealing with a special case under the old theory. Pfeffer's

work on Spirogyra has been discredited by Nathansohn
;

in fact,

opinion among botanists is decidedly adverse to the view that

amitosis may be followed by mitosis in a single nucleus. This

opinion is expressed by Strasburger in his recent summary of the

individuality question.

Working on the spermatogenesis of the sparrow in 1900,

Loisel saw nuclei which began division by amitosis and later con-

tinued by indirect division. He says that the amitosis was not a

sign of degeneration ;
but again, he shows that the greater part

of certain spermatocytes and spermatids degenerates. To reach

a safe conclusion in this case one must needs know the relation

between amitosis in the sex cells and degeneration in the sex

products. Degeneration on the part of spermatozoa in the

Hemiptera has been traced by Morgan and by Miss Stevens to

the absence of a single chromosome. If cells lacking a single

chromosome degenerate, certainly one would expect degenera-

tion in cases where part of the sex cells had previously divided

by as indifferent a method as amitosis seems to be.

Especial importance has been attached to cases of amitosis in
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regulatory growth. G. T. Hargitt was the first to suggest this

for hydroids. Child's work on Titbularia and Carymorpha sup-

ports this suggestion. In the growth and regulation of Planaria,

Bardeen and Child have reported amitosis. However, the figures

of Bardeen are far from conclusive, and it is very questionable

whether they justify the opinion that amitosis is the -method of

division here. Child has also worked on various other forms

among both vertebrates and invertebrates. In several of them

his evidence is lacking in some respects. Reference to his work

on the cestodes will be made later.

A few workers have described amitosis in the cleavage of the

egg and in the early embryonic development of several forms.

Hargitt failed to find mitosis of the egg up to the sixteen-cell

stage, working on Clava leptostyla. Similar results obtain for

Eudendrium and Pennaria. Beckwith, however, has recently

shown that his results were due "
simply to the fact that the eggs

were not obtained at the right time of day. In eggs collected at

the proper time (4 to 6 A. M.) there is no difficulty in proving

the typical stages of maturation and fertilization."
" Maturation

and the early cleavages take place by mitosis and not by amito-

sis." Hickson and Hill have also studied ccelenterate eggs.

Hill in his account of Alcyonimn oogenesis shows that no polar

bodies are extruded, no chromosomes are present, the female pro-

nucleus divides irregularly by amitosis and then disappears, and

that probably the first cleavage nucleus is formed from the male

pronucleus. The evidence is not complete and the case should

certainly be reinvestigated. H. L. Osborne described cases of

amitosis in the food-ova of Fasciolaria. His results have been

corrected and enlarged upon by Glaser. The work of Glaser

seems to deserve the most careful consideration in regard to this

problem ;
its bearing on the investigation herewith undertaken is

only general, however. Further work on embryos has been done

by Child, previously mentioned, and by Patterson on the pigeon's

egg. The observations of the latter, while much more extensive

than those of Child on the chick embryo, are in agreement with

them. Stoeckel thought binucleate ova in man are the result of

amitotic divisions. Pick's opinion on the subject of amitosis

as expressed in his survey of chromosome hypotheses is based
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upon the work of Child and Hill and upon his own a priori con-

clusions. He offers nothing new on the problem.

Direct division has been described in other cases of theoretical

importance but those mentioned above are perhaps the most

significant.

METHODS.

My investigation on the problem of amitosis was suggested by
Dr. S. J. Holmes, to whom I owe much for direction during the

progress of the work. I have received numerous suggestions

from various other workers in the University of Wisconsin, all

of which are gratefully acknowledged. My thanks are also

due Drs. Grove and Meek, of the Pharmacology and Physiology

Departments, for their assistance in collecting material.

Specimens of tape-worms were secured chiefly from dogs. A
considerable number of cats was examined, but only one fur-

nished material. The specimens were nearly all fixed in Flem-

ming's fluid, which proved quite satisfactory. Those taken from

the cat were fixed in Zenker's fluid to be used with Mallory's

connective-tissue stain.

A variety of staining methods was used. Flemming's tricolor

stain did not give sufficient sharpness of detail to be of much

value. Iron haematoxylin is in general satisfactory, but it is to

be noted that the nuclei do not differentiate as readily as in many
other tissues. The fact that they do not decolorize readily and

often do not show their contents clearly must be borne in mind

when considering the significance of indentations of the nuclear

membrane. Delafield's haematoxylin decolorized in acid alcohol

gave excellent results. My greatest success, however, in stain-

ing this material has been by the use of Kernschwarz with

Lichtgriin as a counterstain. Lichtgriin is by far the best stain

for cytoplasmic structures that I have tried, its only drawback

being the ease with which it fades out.

Two genera and three species of tape-worm have been used :

Tania marginata (Batsch), Tcenia serrata (Goeze), and Dypilid-

ium caninum (Leuckart). The last of these is the most favorable

for cytological work, but I have only a few specimens of that

genus. Even here the nuclei are quite small and not entirely

satisfactory owing to technical difficulties. I must protest against
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the balancing of results obtained from such unfavorable material

as that which the cestodes offer against such favorable objects for

cytological study as, for example, the Orthoptera. In the ces-

todes which I have studied, the cells, except the oocytes, are

much smaller than the insect cells, do not stain as readily, and

are often obscured by great masses of intercellular material.

AIM.

My aim in this investigation was to obtain definite evidence as

to the occurrence of amitosis in cestode tissues. Observations

were begun with the hope of bringing into line, in a small measure

at least, the account of cell division in this group with the results

generally obtained by workers on other forms. Lack of time has

prevented the investigation of many of the secondary questions

that have arisen. Thus no attempt has been made to give details

of chromosome behavior or structure, and the observations have

been limited to the method of cell division in the process of

oogenesis and in the growth of somatic cells. The discussion,

however, includes occasional reference to related questions.

OBSERVATIONS.

Oogenesis. The female sex cells in the cestodes in question

are by far the largest cells in the body. They are in general

round with a relatively large nucleus. The cytoplasm is fibro-

recticular and to a certain extent granular. Occasionally large

dark granules appear, as in Figs. 15, 16 and 17; their nature

has not been definitely made out, but they may be yolk nuclei or,

perhaps, nothing more than aggregations of smaller cytoplasmic

granules. Frequently they serve to obscure the process of

mitosis.

No cell organs are located in the cytoplasm of the resting

mother cells
; but, at some time during the development of the

ovarian egg, a mass, probably of yolk, appears there. I have

not observed any regularity in the formation of this mass, for

some of the early oogonia have it, while it is not present in

some oocytes. The masses, of course, vary in size. Those

which are newly formed have a close resemblance with certain

stains to a "
nebenkern," and, in fact, have been so called. They
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were first described by Sommer in 1874, and named by him
" Nebendotter." This expression, which has the claim of priority,

seems unobjectionable except on the score of bringing a foreign

word into English ;
no suitable translation has been suggested,

however. On the other hand, the body is not a true " neben-

kern," and to call it by that term is a misuse of the word.

Fig. i is an early oogonium from T. scrrata. Here the
" Nebendotter" appears as an egg shaped body of even consist-

ency stained darker than the nucleus although lighter than the

',

I 2

FIG. I. Oogonium, stained with iron hsematoxylin, showing
"
Nebendotter,"

and nucleus with chromatin reticulum.

FIG. 2. Oogonium showing same structures as Fig. I, but from a much later

generation.

surrounding cytoplasm. Its reactions to various stains deserve

metion. With iron haematoxylin it stains readily, appearing as

a dark homogeneous mass even after a great deal of extraction

of the stain. The nucleus and cytoplasm may be entirely decolor-

ized and the "Nebendotter" still show as a dark body, a fact

which led to confusion during the early part of my study, as

the nucleus was overlooked and the " nebendotter
"
taken for it.

The true state of affairs was not revealed until I had used another

method of staining when the appearances which with iron haema-

toxylin had misled me were explained and the structure of the

cells became clear. The new reagents were Kernschwarz counter-

stained with Litchtgriin. Kernschwarz is a weak stain affecting

only the nucleus. In my preparations I have seen no trace of it

in the cytoplasm or in the " Nebendotter." Lichtgrun stains both

nuclear plasm and cytoplasmic structures. The result, then, with

this method of staining is as follows : chromatin and nuclear
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reticulum, blackish
;
nuclear plasm, very light green ; general

cytoplasm, dark green, fibre-reticulated
; "Nebendotter," homog-

enous "
cheesy

"
green. This last appearance is very difficult

to describe but is recognized very easily.

The "Nebendotter" as such has not been described by Child.

One is compelled to suspect that the same appearances which

confused me may have misled him. Occasionally a constriction

is seen in a " Nebendotter" or there may be two or more distinct

yolk masses in a cell. More often, especially in the case of

haematoxylin slides not well decolorized, the "Nebendotter'

does not look unlike a dividing or divided half of the nucleus.

Child figures cases in which one half of the nucleus stains darker

than the other half. Is this darker half perhaps a " Nebendotter"?

To illustrate the above facts a series of outline drawings is

given. They were made with the aid of a Zeiss No. 5 ocular and

a Leitz one twelfth objective (oil immersion). In each case n

represents the nucleus and y the " Nebendotter." In studying

these figures one can easily see how refractive properties may have

obscured the boundaries between the various parts. All figures

in this series are of resting cells such as are shown in Figs. I

and 2. Figs. 3 and 4 resemble cases of unequal constriction of the

nucleus, Fig. 8, of equal constriction, and Fig. 5 a nucleus divided

into three parts by amitosis. Fig. 6 suggests that division began

at the center and progressed outward. Compare these figures with

those from Child's paper on oogenesis (6) : Fig. I with his Fig.

29 ; Fig. 2 with his Fig. 9, b
; Fig. 3 with his Fig. 8, b

; Fig. 6

with his Fig. n, A, a; Fig. 7 with his Fig. 13, A; and Fig. 8

with his Fig. 10, A. The similarity is very suggestive.

Resting nuclei are seen in Figs, i, 2, and 9. Fig. 9 is lacking

in a " Nebendotter." The nuclear plasm in the resting condition

seems homogeneous throughout and takes a very light stain.

The nuclear membrane is a very delicate structure, showing as

a thin line in some cases, while in others its location is marked

only by the inner edge of the cytoplasmic reticulum. A nucle-

olus is usually present in the early stages of cell formation
;

it

takes a very light stain in some cases resembling the " Neben-

dotter." I have never seen a divided or dividing nucleolus.

With regard to their chromatin content the nuclei of Tcenia
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differ from those of Monieza. Child states that "the only deeply

staining portions of the nucleus up to this time (end of oogonial

division period) have been the nucleolus and frequently a few

other granules." In another place he says that the nuclei do

7

FIGS. 3-8. Outline drawings from oogonia showing various relations assumed by

the nebendotter and nucleus. N, nucleus ;
J

,

" Nebendotter."

not contain any definite reticulum. That his statements do not

hold for T. serrata may be seen from my Figs, i, 2 and 9. The

chromatin content is small in amount, but it can be seen in defi-

nite masses which are scattered over the periphery of the nucleus

and which are connected by definite strands of linin. The reticu-
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lar character of the chromatin and linin is clearly shown with

Kernschwarz and Lichtgriin. This description answers not only

for late oogonia but also for the early ones and for the oocytes.

Fig. 9 is an early oogonium.

Fig. 10 illustrates the early condition of the spirem stage.

Oogonia in this stage and slightly later are very numerous in

certain lots of material. In other lots I find many resting

stages. Anaphases and telophases, too, are not difficult to find

but metaphases are conspicuously absent. This probably means

that the metaphases are of short duration. It also indicates

a fact which I believe to be very pertinent to the question of

the frequency of mitoses; namely, a periodicity
1 with regard to

FIG. 9. Resting oogonium with a definite chromatin reticulum ; no " Nebendot-

ter
"

present.

FIG. 10. Oogonium ; very early prophase, spireme formation beginning.

FIGS. 9-17. From cells stained with Kernschwarz and Lichtgriin.

the divisions. It is well known that physiological factors may

govern the time of mitotic divisions. A case in point is that

recently described by Beckwith, previously mentioned
; likewise,

in certain insects and in many plants mitosis occurs at night only.

The fact that many nuclei from one lot are in the same stage of

division indicates, I believe, the effect of some physiological factor.

What that factor is, I can only conjecture. Perhaps mitotic

periods may occur only after a more or less prolonged fast on

the part of the host, for then the energies of the parasite are not

directed towards the assimilation of food.

During the maturation period the regular course is followed.

1 This expression is not intended to imply that a definite amount of time intervenes

between successive periods ; they may recur at irregular intervals depending on some

physiological factor.
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Figs. 13 to 17 illustrate the process, but no attempt is made to

give even a meagre outline of the behavior of the chromosomes

in this period. However, attention is called to the appearance of

the spindle. While spindle formation is quite regular, the achro-

matic fibres do not stain well and frequently the entire structure

is overlooked. This fact taken with the smallness of the chromo-

somes and the prominence of the large cytoplasmic granules may
well serve to veil the process of mitosis. In many cases one

does not, at first, distinguish between the chromosomes and the

FIG. II. Oogonium ; polar view of an anaphase. This figure and the next are

from early generations of oogonia.

FIG. 12. Oogonium; polar view of a telophase.

cytoplasmic granules, so nearly alike may they appear. While

Fig. i 5 shows clearly its mitotic character, the cell from which

it was drawn was overlooked for a long time.

Fig. 17 is a case which suggests an "endogenous" division.

According to Child, an endogenous division is that of a nucleus

into two nuclei within the old nuclear membrane. Upon a

superficial inspection the cell in question seemed to be in process

of such division as shown by the outline in Fig. 18. Careful

study, however, revealed the mitotic nature of the division. It is

a late telophase with the chromosomes disintegrating ;
remnants

of asters may be seen, as can a Zwischenkorper.
The appearance of this cell suggests the question of the rela-

tion between nuclear and cell division. Botanists have recognized

the distinction between the two processes much more generally

than have zoologists. The latter have been-accustomed to regard

nuclear division as a sign of immediate cell division. Very often

this is not the true state of affairs, for nuclear division may never

be followed by cell division (Marshall), or a considerable period

of time may elapse before a cell plate is formed. Fig. 1 7 shows
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no sign of cell division although mitosis is almost complete.

This is not an infrequent occurrence
;
actual nuclear division and

certainly cell division may lag well behind spindle and chromo-

some division. Herein lies a fruitful cause for misinterpretation.

A nucleus in which chromosome division has been completed

would give every appearance of direct division upon constriction

and subsequent division. Two nuclei in a single cell which had

not begun to form a cell plate would also be misleading.

No true case of amitosis has been observed in the egg cell

formation of the Tienias upon which I have worked.

Somatic Tissues. The somatic tissues of tape-worms inside

the cuticle include muscle fibres, excretory and genital organs,

and a primitive nervous system. Surrounding all of these organs

and filling all interstices is a large mass of parenchyma. A de-

tailed study of all of these structures has been made by Child

for Monieza. He reports that many cases of amitotic division

occur and that illustrations of this fact might be multipled in-

definitely.

I have made no investigation of the method of cell division in

the excretory or nervous systems of Tcenia. There is no reason

FIG. 13. First oocyte ;
late metaphase.

FIG. 14. Second oocyte ; equatorial plate stage, first polar body dividing.

to believe, however, that the method of division in those organs

differs from that of the genitalia or of the muscle fibers. We
have in all of these systems cells that are specialized to a high

degree. Even if amitosis be found here where rapid growth may
be taking place that fact loses significance when the degree of

specialization is considered. The various cell generations of a

differentiating tissue differ from earlier generations only in a gain
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in specialization and a loss in reproductive potentiality. Rapidity

of division in these cases is a negligible factor. We are simply

dealing with a special case under the old theory, if amitosis be

found to obtain here. Amitosis, then, may well be expected in

these systems.

The facts observed in the genitalia of TcRnia do not bear out

fully that expectation. The structure of the genital ducts and

organs can be made out clearly and nuclei, cytoplasm, and inter-

cellular substance seen. Yet cases of amitosis have not been

demonstrated. On the other hand, a mitotically dividing nucleus

is found only rarely. This may mean that mitosis is of very

FIG. 15. Second oocyte; early anaphase, spindle stained very lightly. Figs.

15-17 show the large cytoplasmic granules.

FIG. 16. Second oocyte ; telophase.

short duration, or more probably, that it is of short duration and

occurs in waves
; or, again, it may indicate that the nuclei divide

amitotically. But whichever interpetation we may accept we do

no violence to the theory of Ziegler and vom Rath.

The muscle-cells also furnish only negative evidence of ami-

tosis. They are large, spindle-shaped cells from which contractile

fibers extend. The cytoplasm is densely reticulated, rarely ex-

hibiting the vacuolated structure described by Child (8). The

quantitative relations of cells and fibers at different periods of de-

velopment are of interest. Relatively more muscle cells are

present in a young proglottid than in an old one, but the muscle

fibers are much more developed in the later stages. The sig-

nificance of this relation, which agrees closely with a similar pa-

renchymal relation, will be discussed later. While satisfactory

evidence as to the usual method of cell division has not been

obtained, the observations on the material at hand favor mitosis

as typical.
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The meaning of amitosis in the parenchyma is of quite different

import from that in specialized tissues. Parenchyma is a tissue

from which others are derived
;

it is neither highly specialized,

degenerating or pathological. The occurrence of amitosis here,

therefore, would not be in line with the old theory.

Concerning the nature of parenchyma there has been much

H 18

FIG. 17. Second oocyte in which mitosis is nearly complete, yet no sign oi cell

division. The daughter nuclei are being constricted apart and the chromatin masses

are disintegrating. Zwischenkorper present.

FIG. 18. Outline drawing of Fig. 17. It gives the appearance of an "endogen-

ous" division by amitosis. Fig. 17 shows that appearance to be entirely superficial.

controversy, but it is beyond the scope of this paper to enter into

a discussion of the question or of the literature regarding it. In

connection with an account of the method of cell division, how-

ever, a few observations concerning it cannot be avoided. The

older view held by Leuckart and his followers was that the paren-

chyma develops from rounded and polyhedral cells, the latter

sending out processes which interlace about the former. Moniez

and his followers offered an opposed view. Opinion has by no

means become settled even now. Child speaks "of the paren-

chyma cells if the syncytium which composes the parenchyma
can properly be said to be composed of cells."

Parenchyma consists of calcareous bodies and irregularly

shaped cells lying in a mass of material which seems to be inter-

cellular. Of these, the first do not enter into the question under

consideration, and the intercellular matter only figures as a

ground substance in which the cells are imbedded. The cells

vary in shape from elliptical and spindle-shaped to an irregular

form with many protoplasmic processes. In size there is also

much variation, due, largely, to the variation in the amount of the
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cytoplasm, for the nuclei do not exhibit any such striking quan-

titative differences as does the cytoplasm. The cells do not

seem to form a syncytium of which the ground substance is a

part, as some writers have stated. The evidence seems to me to

indicate that the ground substance bears a relation to the paren-

chyma cells similar to that borne by the intercellular matter of

connective tissue, for example, to the connective-tissue corpuscle.

That the parenchyma cells have definite boundaries is brought

out clearly in the Lichtgriin preparations. I have seen no evi-

dence for thinking the ground substance continuous with the

cytoplasm. The nuclei of the cells show uniformity of structure

as well as of size
; they have a chromatin reticulum and usually

a nucleolus. The parenchymal cell is thus seen to be a definite

structure with a typical nucleus and a varying amount of cytoplasm.

Fig. 19 is a resting parenchyma cell of characteristic appear-

ance. The cytoplasm is drawn out into strands upon the number

FIG. 19. A typical parenchyma cell in the resting condition. This cell is from a

proglottid in which the sex organs are only partially developed.

and size of which depends the width of the cytoplasmic band

about the nucleus. Parenchyma shows regional differentiation

in the relative amount of ground substance and cells and in the

modification of the cytoplasmic parts of the cells only. In the

younger cells the cytoplasmic strands are less numerous and

frequently extend only a short distance. In older regions more

cytoplasm is drawn out into the strands, leaving but a thin layer

about the nucleus.

Professor Child has assumed through all his work that the

absence of mitotic figures in tissues known to be growing rapidly

is evidence of the occurrence of division by amitosis. This as-

sumption is, of course, based on good a priori reasoning, but I
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do not believe that it is borne out entirely by the facts. In Tienia

the parenchymal cells are relatively less in number in the old

tissue than in the younger, a relation which is only partially ex-

plained by the fact that other kinds of cells develop from the

parenchyma. On the other hand, the ground substance in the

young proglottid is more spongy and less in amount than in the

older portions of the animal. These observations show that the

growth of the parenchyma is not due alone to cell multiplication

but also to the formation of new intercellular matter and to the

greater development of the cytoplasmic strands. The growth of

the cestode soma is due chiefly to the growth of the parenchyma
and of the muscle cells and fibers. Other tissues, except the sex

products, are practically negligible in accounting for increase in

size. With regard to the growth of the muscle fibers a similar

condition obtains in them as in the parenchyma, as is shown above.

Thus we find growth depending not so much on the increase in

the number of cells as in the increase in amount of products of

cellular activity, that is, in fibers and intercellular material.

Therefore, the rapidity of growth in the cestode body does not

necessarily postulate a large number of dividing cells.

As to the method of cell division little can be said. No
traces of amitosis appear. Cases of several nuclear divisions in

a common cytoplasmic mass s\ich as are figured by Child (ii)

for Monieza are not to be seen in T&nia, nor is any explanation

of them afforded by the latter genus. I have also observed no

cases of mitosis. The evidence at hand, I believe, does not

warrant any conclusion as to the method of cell division in the

parenchyma of this form.

SUMMARY.

1. Amitosis has not been found to occur in the oogenesis of

the cestodes studied.

2. All observations on the process of oogenesis point to mito-

sis as the usual method of cell division.

3. The presence of a " Nebendotter
"
which has peculiar stain-

ing properties gives a misleading appearance of amitosis.

4. Maturation is of the typical form.

5 . Indirect evidence strongly suggests that physiological factors

influence the frequency of mitotic divisions.
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6. Nuclear divisions are not always followed immediately by

cell division.

7. Only negative evidence as to the method of division in

somatic structures has been found
;
there is no satisfactory evi-

dence of amitosis and mitosis is not abundant.

8. Rapidity of growth in the somatic tissues of the cestodes

body does not necessarily postulate many division figures.
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SOME EGG-LAYING HABITS OF AMPHITRITE
ORNATA VERRILL.

JOHN W. SCOTT.

Several years ago while engaged in working out the develop-

ment of the unfertilized eggs of Amphitritc I had occasion to col-

lect large numbers of these worms. Mead, who worked on the

cell-lineage of this annelid, had stated that nothing was known

of their breeding season but that ripe sexual products could be

had at irregular intervals during June, July and August. Col-

lecting therefore during 1902 and 1903 was entirely at random.

Incidentally the opportunity came to observe something about

their egg-laying habits. During 1907 and 1908 I have used

eggs of the same species for the study of other problems and

have had a chance to further verify and extend the observations

previously made. I wish here to express my appreciation to the

directors of the Marine Biological Laboratory for their kindness

and encouragement in helping me to prosecute this work.

The observations mentioned in this paper pertain to two ques-

tions in particular. I have always experienced considerable dif-

ficulty in obtaining, when wanted, mature sexual products of

Avipliitrite. The first question therefore deals with the time of

egg-laying, in the hope that future investigators on this species

may be saved some trouble and disappointment. The second

question is concerned with the manner of depositing eggs. The

eggs and sperm float free in the body cavity and these products

are usually in various stages of development. This is true even

at the time when worms deposit the mature products in a manner

apparently normal. How is it possible to retain the coelomic

corpuscles and the unripe eggs and deposit the ripe sexual

products ? In a number of instances I have observed the act of

327
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depositing eggs or sperm in the laboratory and I studied espe-

cially the manner of depositing the eggs.

My results in general are as follows. First, the egg-laying

reflex is closely associated with the time of spring tide, the

height of the season occurring at the time of new or full moon,

or within two days after these dates. The best results were

obtained in July, i. c., a larger percentage of mature worms may
be collected during this month than during any other. In early

summer the period of sexual activity tends to occur a day or so

later than the time mentioned, while in late summer the period

tends to be earlier by the same amount. In regard to the second

question I may say that the ripe and unripe products are not

kept separate in laying with absolute exactness. Though among
the first few hundred eggs deposited it is hard to find even one

that is immature, toward the close of any given period of ovi-

position the immature eggs form a considerable percentage of

the total number. But how does the worm keep these eggs

apart in the first part of the period ? A full consideration of this

question is given later.

In order to understand the discussion of the two questions

concerned it will first be necessary to say something of the habi-

tat of this form and the environment under which it lives.

These worms live in U-shaped, rather tough, mud tubes that

break easily in digging. At one of the openings of the tube,

sometimes at both, there is a volcano-shaped mound of sand or

earth. The two openings are ordinarily from ten to eighteen

inches apart and the depth of the lowest part of the tube is about

three fourths the distance between the openings. The worms

were collected in six different localities in the vicinity of Woods

Hole. In these localities at the time of spring tide extreme

high water and extreme low water differ by two to three feet.

The tubes are found most abundantly on sandy flats which may

vary from fine sand to a rocky character
; they are also occasion-

ally formed on sandy mud flats where the tide produces little

current. The vertical distribution of the tubes is also compara-

tively limited. At the time of extreme low water tubes are

rarely found beyond a depth of twelve or fifteen inches, and

very few are found more than twelve inches above this line.
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Probably two thirds of the tubes are within six inches, in a ver-

tical direction, of this low water line at spring tide. The worms
are more abundant on flats which are somewhat protected from

strong currents. When the tide is running and the water com-

paratively shallow, it is quite common to see the worms at one

of the openings, apparently feeding, the mouth just below the

pit of the "volcano," and the numerous tentacles extending out

for several inches in radial directions. It was found impossible

to observe the deposit of sexual products under natural condi-

tions, and this careful description of their habitat is given in

order that we may better interpret the results obtained in the

laboratory.

I. TIME OF EGG-LAYING.

Verrill in 18/12 described the occurrence of an annelid in

Vineyard Sound to which he gave the name Amphitrite ornata

Verrill. Several years later he gave the credit for the original

description to Joseph Leidy who in 1855 had described what ap-

pears to be the same species under the name of Terebella ornata

Leidy. No mention is made of egg-laying habits in either of

these papers. To Mead belongs the credit of recording the first

observations of this kind. He writes :

" The limits of the breeding
season are unknown. Although about eight hundred worms
were collected in lots of twenty or thirty between the first of

June and the last of August, only seldom were ripe eggs and ripe

spermatozoa obtained. It is useless to cut the worms open, for

if the sexual products are mature, they will be discharged, usually

at about six o'clock in the evening, more often on the day of

capture, sometimes the next day." I found little difficulty in

verifying most of these results.

Amphitrite must necessarily be collected in the day time and

when the tides are low. They were collected in quantities, from

twelve to seventy-five specimens in each lot, and it is estimated

that about two thousand adult worms were examined in the

course of the four seasons during which their habits were under

consideration. When dug they were washed free from the mud
tube and placed in a bucket of sea-water to be carried to the lab-

oratory. At times the males and females were placed in separate
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buckets, but this practice was not often followed, for placing the

sexes together did not cause them to discharge sexual products.

In the laboratory all worms were carefully washed and isolated in

separate dishes of sea-water. Eggs rarely fertilize ifremoved by cut-

ting open the body wall
;

if any considerable number are mature

they will later be discharged in an apparently normal manner. The

quotation from Mead, concerning the scarcity of ripe eggs and

ripe spermatozoa, gives an accurate idea of my own results in that

particular. But the time of discharge appears to be not so definite

as one might think if guided solely by his description. Table I.

TABLE I.
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the afternoon. I believe this tendency to deposit eggs in the

afternoon or early in the evening may be accounted for in the

following way. When low tide occurs near mid-day or early

afternoon, the sand flats are more exposed and reach a higher

temperature than under ordinary circumstances. Metabolic

changes are undoubtedly more active at these times and for a few

hours immediately following. As a consequence, if the worms

behave in their tubes as they do in the first few hours in the lab-

oratory, the eggs are laid on a rising tide about the time of slack

water. This time would be favorable for fertilization on account

of the" absence of strong currents. Some five hours later, the

young blastula is ready to swim, as shown in a previous paper

('06).

TABLE II.
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new moon and the day following, July 23 and 24 ;
in 1907 best

results happened on July 26, two days after full moon
;
and in

1908 at new moon, July 28. The full meaning of these facts,

however, is best brought out in Table II. Here I have shown

the day on which eggs and sperm were deposited in the labora-

tory in reference to spring tide. In all I have recorded 38

instances where Amphitrite have shed eggs or sperm in an appar-

ently normal manner. Twelve of these were known to be in-

jured, and consequently their data are unreliable. But of the

twenty-six uninjured worms twenty-three (88 per cent.) shed their

products on or within two days of spring tide
; twenty-four worms

(92 per cent.) shed products within three days of spring tide
; only

one worm deposited eggs five days, another seven days, after the

period named. Of the injured worms nearly sixty per cent, de-

posited products within two days of this period, while thirty -three

per cent, missed the spring tide by more than four days. This

suggests the possibility that, of those worms given as uninjured,

perhaps the last two were injured internally. Again, the table

shows that more worms laid eggs or sperm on the day of spring

tide than on any other day ;
that the next largest number deposited

products on the day following ;
that practically all sexual products

are deposited within three days of spring tide with a tendency to

follow rather than to precede this period. That the distribution

of these figures is not due to a like distribution of the number of

times worms were collected, is shown clearly by comparing them

with the figures in the last line of the table.

In order to make a further test of the hypothesis that ripe

sexual products are deposited most abundantly at the time of

spring tide, on July 17, 1909, the date of the new moon, twenty

adult Amphitrite were collected. Of this number twenty-five

per cent., three females and two males, deposited ripe products,

thus giving excellent confirmation to the hypothesis. The ques-

tion arises how may we account for the periodicity in the time

of egg-laying. Observations that have been made upon some

other forms will help in our explanation.

Mayer ('02) has described the interesting case of the breeding

habits of the Atlantic palolo. This worm " swarms at the sur-

face before sunrise within three days of the day of the last
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quarter of the moon between June 29 and July 28." "All eggs
mature simultaneously at the time of the normal swarm." Later

observations ('09) show that the time of swarming is not so

definite as at first supposed.
" When the last quarter of the

moon falls late in July there may be a response to the first

quarter as well as to the last quarter."
" A dense swarm

occurred on July 10, 1908, a fairly dense swarm on July 19."

This behavior shows that a particular change of the moon has

no direct effect on the time of swarming, as the moon was in first

quarter July 6 and in last quarter July 20. Mayer also per-

formed an important experiment to test the effect of tides on the

time of swarming. He writes as follows :

" Some worms swarmed

normally on July 19 out of the rocks which had been maintained

in a floating (tideless) live car for the six weeks previous to the

swarm." This experiment appears to demonstrate that tides are

without direct effect in producing the swarm. But, as Mayer

concludes, it "may indicate that the changing pressure due to

rise and fall of tide over the reefs is a contributory but not a nec-

essary component of the stimulus which calls forth the breeding

swarm."

However, it is known that the tide may form a sort of habit in

the action of some animals. Gamble and Keeble ('06) have de-

scribed a small, green, sedentary turbellarian, Couvoluta roscof-

fcnsis, that occurs on the coast of Brittany. "It exhibits a peri-

odic vertical movement whose rhythm is that of the tide."

When the tide is out, they come to the surface, forming green

patches on the sand. When the tide comes in they retreat

below the surface into safer quarters. The remarkable fact is

that when removed from the effects of tidal action by being kept

in an aquarium, Convolnta continues to perform rhythmic move-

ments in time with the tide. "The rhythm is not profoundly

impressed upon it
;

after a day the movements of the patch in

the vessel cease to synchronize with those in the open." This

illustration suffices to show how an action may arise in relation

to the tide without depending directly upon it.

In Ampliitrite it has been observed that feeding is more con-

tinuous and more active as the time of spring tide approaches.

At such times the great mass of tentacles radiate from one
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opening of the tube and actively explore the vicinity for a dis-

tance of several inches. Their food consists of small bits of

organic matter carried to the mouth through the action of cilia.

One result of the feeding activity is seen in the fact that the

immature eggs or sperm grow and mature very rapidly during

the last few days immediately preceding the sexual period.

Undoubtedly, this increased activity of the organism is stimulated

by the higher temperature of the sand flats at the time of spring

tide. The alternate increase and decrease in the depth of the

water, thus altering the pressure, probably has some influence

and the food supply at this period is certainly more abundant.

We must conclude therefore that the influence of the tides or

moon is entirely secondary. The sexual activity in tliese ^cvorms is

closely associated with a similar rhythmical period of greater

bodily activity ; and this greater bodily vigor of the animal is

induced by conditions t/iat depend upon the tides. Furthermore,

the periodic sexual reflex has acquired a sort of physiological

basis in the organism, for the worms deposit sexual products

normally, when removed from the influence of the tide. Still

this reflex has not become a habit in the animal, at least not a

strong one, for if a worm does not deposit its products within a

few hours after being captured it rarely does so, and then not

later than the following day.

II. METHOD OF EGG-LAYING.

The eggs of Amphitrite break loose from the matrix of the

germinal epithelium in early stages of development and complete

their growth while floating free in the ccelomic fluid. In a

single worm they are usually found in the various stages of

development. When first collected, all worms go through with

a series of rhythmic movements of the body. When performed
in the tube, these movements are evidently for the purpose of

aeration, and they are kept up for some hours after the animals

are removed from the tube, gradually diminishing in intensity.

Each series of movements begins as a contraction near the pos-

terior end of the body and travels forward
;
a second contraction

follows, and frequently a third has begun before the first has

disappeared. Between the contractions are wave-like enlarge-
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ments that serve as moving valves to pump the water slowly

through the tube. This pumping action may be demonstrated

by placing a recently captured, uninjured worm in a U-shaped

glass tube of suitable size. When Amphitritc is about to deposit

its eggs the movements become more rapid and frequently more

violent than usual. Quoting from my notes, the further process

is somewhat as follows :

" While the worm's body is undergoing
the series of slow peristaltic movements, consisting of contrac-

tion-waves that begin near the posterior end and travel forward,

the eggs ooze out in string-like, sticky masses that are soon scat-

tered by the movements of the body, or by currents of water.

The eggs are extruded through five openings in the anterior

region of the body, the first opening being on the second seg-

ment back of the third pair of gills, or the sixth body segment,

not counting the prestomium. Sperm is extruded through sim-

ilar openings of the same number and location." These open-

ings are nephridiopores that have become specialized as gona-

ducts, and it should be added that they are laterally placed,

lying between the dorsal and ventral chaetigerous lobes.

In a previous paper I have mentioned the fact that the eggs
are greatly flattened in the polar diameter at the time of extrusion,

and that the first polar spindle is in the metaphase. I have also

mentioned above the fact that these worms possess the power of

separating ripe and unripe eggs in the process of oviposition.

How is this accomplished ? Some dissections were made in an

attempt to answer the question. It was found that this species

possesses the same general arrangement of internal organs as

that of other Auiphitrite described by Meyer ('87).
" Alle Ne-

phridien der Terebelloiden, sowohl die vorderen als die hinteren,

miinden im Bereiche desjenigen Korperzonites, welchem sie an-

gehoren, einzeln und unabhangig von einander nach aussen
;
ihre

Wimpertrichter haben eine intersegmental Lage und offen sich

stets in das nachst vorangehende Segment." All the septa in

the Terebellidae are incomplete with one exception ;
this one, the

diaphragm, is strongly developed and separates the anterior

region of the body cavity from the rest. In the species here

described the diaphragm is between the fourth and fifth body

segments. The external openings of the excretory nephridia open
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on the third, fourth and fifth segments, but the inner openings
are all anterior to the diaphragm. The inner openings of the

post-diaphragmatic nephridia are fimbriated membranes, consist-

ing of dorsal and ventral portions in close apposition, covered by
cilia

;
each of these openings leads into a large membranous sac

that is well supplied with blood capillaries and is also ciliated.

These nephridia serve as gonaducts, and probably serve also as

excretory organs. When egg-laying was first observed, I thought
the collapse of the egg in the polar diameter might have a direct

relation to the separating process, but there is nothing in the

structure of the nephridia to indicate that the eggs undergo a

sifting process. Besides the coelomic corpuscles do not escape
and they are smaller than either ripe or unripe eggs.

Somewhat similar phenomena have been observed by Gerould

('06) in Pliascolosoma. " A few hours before egg-laying occurs,

the nephridia become distended with a transparent fluid."
" Ova

that are ready for maturation, having the spindle of the first polar

body in metaphase, are swept from the ccelom into the nephridia

by the action of cilia which give rise to strong currents within

the nephridium, setting from the nephrostome backward towards

its posterior extremity. This is a most interesting process in

that both the immature ovocytes, which are present in great
numbers in the ccelomic fluid, and the coelomic corpuscles are

excluded from the nephridium, while the fully grown ovocytes
are collected there in great numbers." Gerould presents a

tentative explanation somewhat as follows. The transparent

fluid, he thinks, is sea-water, taken in through the nephridi-

opore, and he believes that ova in the early stages of maturation

probably absorb water while within the nephridium.
"

If eggs
in the earliest stages of maturation show a tendency within the

nephridium to absorb sea-water, may it not be assumed that ova

at that stage are positively hydrotropic ? On this supposition
we may explain why such eggs are caught up from the ccelomic

currents into the nephrostomal region, and thence carried into

the nephridium." This assumption, however, is not to be seri-

onsly regarded and is, I believe, incorrect
;
at least it is incorrect

in the case of Amphitrite.

It is rather an easy matter to separate the ripe eggs from the
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immature ones and from the ccelomic corpuscles by decanting
after stirring the mixture in sea-water

;
the largest ova and the

ripe eggs, those with the first maturation spindle in metaphase,

always settle more quickly to the bottom of the dish. The im-

mature eggs then settle, and last of all the ccelomic corpuscles.

// is not an assumption, therefore, to say that the largest ova includ-

ing those in the early stages of maturation, arc more <]itickly influ-

enced by gravity than the other bodies floating in the ca'loinic fluid.

This is the important fact, and is no doubt due to the larger

amount of yolk in such eggs.
1

If, as Gerould supposes, a hydrotropic attraction is necessary
to separate these eggs from the other bodies in the ccelomic

fluid, then this influence would be useless for the purpose of

separation when the contents of the body cavity are emptied in

sea-water. For, surrounded by water, the hydrotropic influence

would act in all directions and result in equilibrium. Such is

not the case. Indeed, Gerould noticed such facts and in ap-

pendix B describes how large individuals should be opened in

sea-water. " When the female with an abundance of eggs is

found, the maturer ovocytes should be allowed to settle to the

bottom, whereas the smaller ovocytes and coelomic corpuscles

should be decanted after a few seconds, and before they have

had time to sink."

That gravity forms the differential by which the separation

takes place is supported by a considerable number of facts. In

the course of one period of oviposition, usually extending from

one to one and one half hours, the eggs at first deposited are

practically all in the metaphase of the first polar spindle ;
in the

latter part of the period there is always a considerable number,

and sometimes a majority, of ova deposited with the germinal

vesicle intact. Upon killing a worm that is through egg-laying,

one may still find a few scattered eggs in early maturation. If

the separation depended upon a tropism, one does not see why
it should be so much more complete at one time than another.

1 Whether this tendency of large ova to settle quickly is due to a greater specific

gravity, or to a greater mass in proportion to the amount of surface offering resistance,

the end icsult is the same. This question must be decided by further investigation.

In this paper we shall speak of the large ova as though they had a greater specific

gravity than the smaller ctclomic bodies.
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Again, the nephridia are not extraordinarily large, and each

must be refilled many times in the course of one oviposition

where thousands of eggs are deposited. Nor do the nephridia

ever seem to be entirely filled with eggs ;
at least such is the

case in worms that are killed almost instantly with hot sublimate

acetic while in the act of oviposition. The meaning of this will

appear in the explanation. It is also manifestly clear that the

movements of the body referred to before, cause the body con-

tents to move forward toward the diaphragm. As a rule, each

effective contraction-wave stops a short distance posterior to the

nephridia and holds for a moment the compressed ccelomic con-

tents in the much distended anterior portion of the body. Dur-

ing the final part of a contraction-wave, a stream of eggs oozes

out a short distance from each nephridiopore posterior to the

diaphragm. The contraction movements, therefore, are neces-

sary for the expulsion of the eggs.

The explanation which I believe accords best with all the

known facts is as follows : First, it should be remembered that

the nephridial sacs always occupy a lower position with reference

to gravity than the nephrostome, whether the worm lies in a

horizontal or vertical direction. We may then think of the

nephridia as settling basins in which the heavier products are

drawn off from the bottom after a certain amount has accumu-

lated. Ciliary action undoubtedly would prevent lighter objects,

such as the ccelomic corpuscles and the unripe eggs from set-

tling in the basin
;
and when a sufficient quantity of the ripe eggs

(heavier objects) have accumulated, pressure from the strong

contraction-wave forces them through the nephridiopore. The

separating process probably takes place during relaxation, be-

tween contraction waves. Owing to the opacity of the worm's

body, it is impossible to actually observe this process, but all of

the facts point to this simple explanation.

SUMMARY.

I. In Amphritite oruata Verrill, the egg-laying reflex is closely

associated with the time of spring tide
;
the height of any given

period of egg-laying always occurs within two days of the time

of new or full moon. Periods of oviposition occur in June, July

and August.
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2. The moon does not have any direct influence in producing

the period of sexual activity. It is probable that the tide also

has little, if any, direct effect on the process.

3. At spring tide, the worms feed more actively, the food sup-

ply is more abundant and the sand flats have a higher tempera-

ture. As this period approaches we also find a more rapid growth
and development of immature eggs and sperm. Therefore, the

period of sexual activity is closely associated with a synchronous

period of greater bodily activity, and this greater vigor of the

animal is induced by conditions that depend upon the tide. In

this way we may explain how oviposition in Amphritite has be-

come a sort of reflex habit associated with the time of spring tide.

4. When a worm is sexually mature, the ccelomic fluid contains

ccelomic corpuscles and eggs in various stages of development.

At oviposition the worm extrudes ripe eggs, and toward the end

of the process some of the immature ones, but always retains the

much smaller ccelomic corpuscles.

5. Since the mature eggs sink faster in sea-water than the

smaller immature ones, and all eggs sink faster than the ccelomic

corpuscles, it is believed that the larger eggs have a greater

density than the other bodies in the ccelomic fluid
;
and it is en-

tirely probable that the apparent selection of ripe eggs and the

rejection of immature ones is due to the different effects pro-

duced by nephridial currents upon bodies of apparently different

densities.

6. The position of the nephridial sacs, and the arrangement of

cilia on the nephrostomes and within the sacs, is such that we may

regard the nephridia as a set of settling basins in which the sepa-

ration takes place. Contractions of the worm's body then aid in

expelling the ripe eggs from the nephridial sacs.
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ON THE USE OF MAGNESIUM IN STUPEFYING
MARINE ANIMALS.

ALFRED G. MAYER.

It is well known that Tullberg, 1892, discovered that an excess

of magnesium added to sea-water causes anesthesia in marine

animals, thus permitting them to be killed in an expanded state.

During the course of some physiological experiments carried

out at the Marine Laboratory of the Carnegie Institution of Wash-

ington at Tortugas, Florida, I found that marine animals can be

anesthetized much more rapidly and completely than by Tull-

berg's method if we simply place them in a pure aqueous solution

of MgSO4
or MgCl, of three eighths molecular concentration.

They then subside into complete relaxation without initial stimu-

lation, and after remaining for an hour or two in the solution they

may be killed in any manner whatsoever without becoming dis-

torted through contraction. Some distortion is often produced
in Tullberg's process, due to the calcium and sodium of the sea-

water, but in a pure aqueous solution of magnesium the relaxa-

tion of the muscles is complete. This method has been tried

upon scyphomedusas, ctenophorae, actinians, annelids, nemertians,

phascolosoma, and nudibranchs with marked success, and appears
to be especially suitable for the stupefying of highly sensitive and

contractile marine animals which become hopelessly distorted if

killed by ordinary methods.

It is interesting to observe however that while magnesium is

the most potent anesthetic for the neuro-muscular system it is

the most powerful stimulant among the ions of sea-water or of

blood-salts for the movement of cilia. Indeed I find that the ions

of Na, Mg, K and Ca affect cilia in a manner the exact opposite of

their effect upon muscles and nerves. Thus Na is the most power-
ful neuro-muscular stimulant, and the most pronounced inhibitor

for the movement of cilia. Mg is the greatest inhibitor for nerves

and muscles and the strongest stimulant for the movement of cilia.

A weak concentration of K at first excites and then depresses the

34i
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neuro-muscular system, and at first subdues and afterwards stimu-

lates the movement of cilia. Ca is a depressant for nerves and

muscles but a weak stimulant for cilia. NH
4
C1 is a primary

stimulant for muscles but soon produces depression, while upon
cilia its effect is the reverse, a primary cessation of movement

being followed by recovery. The CO
2

ion inhibits muscular

activity, while in weak concentration it produces a primary de-

pression of cilia followed by a recovery of movement.



REGENERATION IN FUNDULUS AND ITS RELATION
TO THE SIZE OF THE EISH.

G. G. SCOTT.

Przibram ('09) in his treatise on regeneration has reviewed the

work bearing on the relation between the age of the animal and

the ability to regenerate. The general conclusion is in the form

of a law " Die Regenerationsfahigkeit nimmt mit zunehmenden

Alter eines Tierexemplares ab ." In the BIOLOGICAL BULLKTIN

('07) the author came to the conclusion that the regeneration of

the caudal fin of Fitnduhis heteroclitus was greater in the shorter

than in the fishes of medium length and greater in these than in

the longest fishes.

That conclusion was reached by comparing the average specific

regeneration of the various groups. The specific regeneration is

obtained by dividing the actual amount regenerated by the length

of the animal, giving as a result the percentage amount regener-

ated by that specimen. This term was introduced by Zeleny.

Now if we take any number and divide it successively by a series

of numbers each greater than the preceding we will obtain a series

of quotients each successively smaller and smaller. On referring

to the experiments in his former paper the author found that the

actual amounts of regeneration differed but little in the various

specimens used, while the length of the animals increased, so that

the case is as stated above--/, c., that the greater specific regen-

eration in the shorter fishes is due largely to the fact that the

divisor in case of short body length is smaller than the divisor in

case of long body length, while the dividend (the actual amount

regenerated) is about the same, so that naturally we should get

smaller and smaller quotients, which in this case would be specific

regeneration. This is seen when we refer to the former paper.

To test the matter further the writer repeated the experiment

during the summer of 1908 using a larger number of fishes.

The caudal fin of each specimen was removed at the same rela-

tive level on August 4 and the fish were placed in running sea-
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TABLE I.

Fund11lus heteroclitm .
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water in the Biological Laboratory of the U. S. Bureau of Fish-

eries at Woods Hole, Mass. I am indebted to Dr. Francis B.

Sumner, the director of the laboratory, and to the commissioner,

the Hon. George M. Bowers, for the facilities extended. The

fishes were fed regularly until September 5, a period of a month,

during which time new caudal fin tissue regenerated from the

cut surface of each fin. The fishes were then removed, carefully

preserved and later measured. There were alive, on September

5, 1 08 Funditins Jictcroclitns and 50 I'ltndnlns majalis. Table I.

shows the length, the amount regenerated and the specific regen-

eration of each Fnndnlns Jictcroclitns. Following this is Table

II. which shows the same with regard to the Fnndnlns majalis

used.

TABLE II.

FunJulus i/iaja/is.
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longer, differing in length from the adjacent groups by one half

centimeter, find the average specific regeneration of each group
and express the results as follows :

Group.
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the average regeneration of groups 8 and 9, representing 16

fishes from 8.O cm. to 9.0 cm. in length, we find that there is a

difference of but .025 cm. Again, if we compare the average

regeneration of groups 2 and 3, representing 25 short fishes,

with that of groups 7 and 8, representing 27 longer fishes, we
find a difference of but .035 cm. The relation of the specific

regeneration to the actual regeneration is represented by the fol-

lowing diagram (Fig. i)
in which the base line represents the

length of the fishes the upper curve AB was formed by

joining the points representing the specific regeneration in the

various groups and therefore represents the relation of the

specific regeneration to length. The lower curve, C-D, was

formed by drawing a line through the points representing the

actual regeneration in the various groups and therefore repre-

sents the relation of the actual regeneration to length. It is to

be noted that while on the whole the curve representing relative

specific regeneration falls, at the same time the curve represent-

ing the actual regeneration remains almost parallel with the base

line although it will also be noted that there is an indication of a

slight decrease in regeneration. There is a strong indication,

however, that the longer fishes have regenerated almost as much

tissue as the shorter in the same length of time.

But what is the condition in the case of the Fnnduhis majalis

the results of the experiment with which are given in Table II.

On arranging the results in a way similar to that used in the case

of Fnndnlus Jieteroclitus we have the following :

Group.
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45 cm. '0 5-5 6-O 6.5 7-0 7.5 8.0 8.5 9.0

Fig. 1

7.0 cm. 7.5 8.0 8.5

Fig.
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this case, yet it is seen that the average regeneration is about the

same, although here again is observed the slight decrease. The

average regeneration of groups 2 and 3, consisting of 22 fishes

between 7.0 and 8.0 cm. in length, is .515 cm., while that of

groups 4 and 5, consisting of 21 fishes between 8.O and 9.0 cm.

in length, is .475 cm., showing a difference of .04 cm. between

the two groups. These results are shown graphically in Fig. 2,

in which the curve A' B' shows the relation of the specific re-

generation to length, while the curve C'D f shows the relation of

the actual amount regenerated to the length. Turning to the

results recorded in the former paper we find that they are less

satisfactory on account of the smaller numbers. But arranging
the results recorded there in a manner similar to that used here

we find that on the whole the longer fishes regenerate almost as

much as the shorter, although the indication of the slight diminu-

tion of actual regeneration with age is not so clear, which may
be due to the fact that there are less specimens in the various

groups.

The general result seems to be then that the amount of regen-

eration in the period of time referred to appears to be about the

same in fishes of all lengths, although there is an indication of a

slight decrease in the case of increasing body length.

Professor Zelenyin a paper to be published shortly (Oct., '09)

in the Journal of Experimental Zoology has found with respect to

the regeneration of the tail of the salamander, Ainblystonia jeffcr-

sonianum that rate of regeneration was as follows :

In a series 22.6 mm. long there was a regeneration of .39 mm. per day.
"

26.5
" "

.41
"

" 26.8 " " "
.39

"

[ji 5 32
( <

"
54. 1

" " " .27 "

These results agree with those described above. There is a

maintenance of a high degree of regenerative power in the older

specimens. There is also an indication of a slight decline such

as we found in the case of the fishes used.

In carrying on an extensive series of observations on the age
of fishes Fulton ('06) estimated the age by finding the different

modal lengths that occurred in a large number of specimens of a

given species. Though the numbers used in this experiment are



350 G. G. SCOTT.

far too few to enable one to estimate the exact age of the various

groups yet reasoning as Fulton did we can at least say that the

longer fishes are the older. Stating the matter in terms of age

the above experiments appear to indicate that within the limits of

age as represented in the series the actual regeneration is the

same or slightly decreases with age. It may be objected that

the longer (or older) fishes regenerated more in mass than the

smaller and that therefore should we determine the mass for each

specimen we might find that the larger regenerated more than

the smaller. To answer this objection let us suppose that Figs.

3 and 4 represent respectively the caudal fins of one of the shorter

FIG. 3. FIG. 4.

and one of the longer fishes. The straight vertical line in each

case represents the place of amputation. The dotted vertical line

represents the outer limit of new regenerating tissue at the end

of a month. According to our results the perpendicular distance

from the line a c to the line b d is nearly the same as that from

c-fto gJi. When the amputation was made it left cells exposed

along the surfaces represented by the lines ac and cf. In a

short time the regeneration of new tissue began. In Wilson's

"Cell," oo, page 388, we find that "measurements of cells from the

epidermis, the kidney, the liver, the alimentary epithelium and

other tissues show that they are on the whole as large in the

dwarfs as in the giants. The body size depends on the total

number of cells rather than on their size individually considered

and the same appears to be the case in plants."

So we can conclude that the cells from which new tissue

regenerates along the surface represented by the line ac are of

the same size as those represented by the line cf. .
It is apparent

that the tissue along the direction of a-b has been formed from

cells at
,
and that the tissue along the line c-d from cells at c.
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So for every point in the line a-c the tissue opposite every point

in this line has been formed from cells in the line a-c outward

in a direction perpendicular to that line. And so for the newly

formed tissue in case of Fig. 4, the tissue opposite every point in

the line ef has been formed from cells in the line ef outward in

a direction perpendicular to the line ef. Of course in the case

of larger fishes (Fig. 4) it is apparent that a greater mass of tissue

is formed than is true of smaller fishes (Fig. 3). But is this not

due to the fact that there are more cells along the surface repre-

sented by the line cf from which regeneration can proceed than

there are similar cells along the surface indicated by the line a-c.

The solution of the problem as to the relation between age and

rate of regeneration depends upon the results of measurements

made in this manner. And by the amount of tissue regenerated

has been and will be meant the length of newly formed tissue

measured outward from the line of amputation.

If the cells in the shorter and longer (younger and older) fishes

have the same degree of activity then the same amount of tissue

ought to be formed outward in a line perpendicular to the cut

surface in the same length of time. This is seen to be practically

the condition in the case of the experiments presented here.

What explanation can be offered for this? Jordan, '05, speaking

of the growth of fishes says that " Most of them grow as long as

they live and apparently live until they fall victims of some

stronger species." Fulton, '06, gives the following law with re-

gard to the growth of fishes :

" Fishes approximately double their

size and increase their weight about eight times after they have

reached sexual maturity." Probably most of the fishes used in

these experiments had reached sexual maturity. May we not

then correlate this maintenance of a high degree of regenerative

power with the continuous growth throughout the life of the

members of this group.

But there appears to be a slight decrease in the amount regen-

erated as the age increases. In computing the difference of the

means and the probable differences between adjacent groups of

the different series it was found in most cases that at least twice

the probable difference was less than the difference of the means

and only in case of extreme groups was the difference of the



352 G. G. SCOTT.

means less than three times the probable difference. This indi-

cates that in adjacent groups the amount of regeneration is very

nearly the same, but that on the whole there is a tendency to-

ward a decrease, as we pass from the younger to the older. We
can sum up our results in this statement : The power to regen-

erate new tissue remains remarkably active throughout life but

as the fish grows older this power gradually diminishes, which

after all is in agreement with Przibram's law. This also is in

harmony with the view that regeneration is a growth phenom-
enon as shown above. Minot, '90, says : "There is a progressive

loss of vitality going on probably throughout the entire period of

life." Kellicott, '08, found that the organs of the dog-fish which

have to do with nutrition and therefore the growth of the organ-

ism increase by constantly decreasing increments with increasing

size of the animal. The slight decrease in regenerative power
which we have noted above parallels then this slowly decreasing

rate of growth characteristic of all animals, but which decrease

is less evident in those forms having indeterminate growth such

as fishes.

Kellicott, in the paper referred to above, found that while the

organs of nutrition have increments of growth successively

smaller, yet the " muscles and supporting tissues seem to out-

grow the brain and viscera leading ultimately to a loss of physio-

logical balance within the organism." But this decrease in

growth of the organs of nutrition does not come on suddenly

but gradually, so that it must eventually cause a gradual retarda-

tion of the growth of the entire animal. If this be true and if

the rate of regeneration is affected by the rate of growth, then

we should expect to find evidences of gradual diminution in the

rate of regeneration. We have seen an indication of this in the

above experiments. Finally, it has been noted that mammals

and birds have little power of regeneration as compared with

amphibia and fishes. May not this be possibly correlated with

the different types of growth which these groups possess.

COLLEGE OF THE CITY OF NEW YORK.
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SOME LIGHT REACTIONS OF THE MEDUSA
GONIONEMUS.

L. MURBA.CH.

In the following notes it is my purpose to record some obser-

vations I have made on the behavior of Gonionemus '

to light,

after the experiments made a few summers ago on the reactions

of its subumbral papillae to light, and to include in the discus-

sion points on which other observers are not agreed. I shall

refer only to these publications.

After observing the behavior of Gonionennts for a considerable

time the following brief statements will be found to hold con-

cerning their habits. As darkness approaches the medusae be-

come restless in their native haunts where they are either lying

inverted on the bottom, the apex of the bell being heavier, or

clinging to plants and other submerged objects. Although all

the tentacles in this species have adhesive pads near the free end,

yet the animals attach by only a few, the remaining tentacles

being spread out in all directions ready to catch their passing

prey. When still daylight above the water it is becoming dusk,

we may say, at their depth, and among the plants from one half

to several meters deep. Within an hour after dark the eggs and

sperm are deposited and their intermingling in the sea water in-

creases many times their chance of development. Thus their

locomotion in early evening is of great value as then more eggs

will be fertilized. The dehiscence of the eggs and sperm has

been shown to be due to the diminution or withdrawal of light,

and seems rather direct evidence of an external stimulus causing

a physiological change. For considerable time after the dehis-

1 There would seem to be no need of stating that the Woods Hole species is the

one under consideration. The experiments on which these notes are based were made

at the Marine Biological Laboratory, at intervals between other work in the summer.

I gladly acknowledge the courtesy of the Director in continuing to grant the neces-

sary facilities. It will be found that some points differ from a report made on this

subject in the winter before the Michigan Academy of Science (Annual Report,

1909) as I have been able to make additional experiments this season.
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cence of the sex products the animals lie expanded on the bot-

tom or suspended, and may remain so as long as the light con-

ditions are the same, full darkness having set in. It is probable

that much of their prey is captured at this time. As the light

grows brighter above, they again move about until they get into

weaker light which generally takes them into lower regions or

into shaded places, in weak or subdued light. Whenever dis-

turbed, especially by change of light intensity, this medusa

swims about in all directions, stopping to float down with ex-

panded tentacles and inverted bell. Again it displays a most

striking behavior; it swims almost vertically to the surface of the

water by pulsations of the muscular bell, turning over at the

surface, expanding and gracefully floating down. Much has

been made of this particular behavior by nearly all those who

have observed Gonionemus for some time. It has been referred

to as "fishing" and "surface reaction," the latter term being

more satisfactory because less anthropomorphic. The main fea-

ture of this behavior is the swimming up toward the surface and

floating passively down again after turning over at the surface.

This may be renewed as long as the same stimulus acts, or until

the condition of the medusa changes so that it no longer responds.

From the foregoing it will be readily understood that these

medusae are sensitive to light influences, getting away from

strong light especially during the earlier part of the day and

afternoon later again moving up toward the fading light. In

general, Yerkes,
2 who has made most observations on the reac-

tions of Gonioncimis, says :

"
Clearly, the animals are attuned, so

to speak, to a certain range of light intensity, and are negative

in their reactions to higher intensities." Any marked change in

this intensity causes locomotion which under natural conditions

brings the medusa into the light suitable for its life processes.

Whether this optimum intensity is constant or changes with the

activities of the animal has not been determined, but ordinary

observation indicates that its range is not very wide
;

it may be

called weak light.

On account of the influence of light on these medusae they

collect in the weaker light of an ordinary glass aquarium placed

2 Amer. Jour. PkysioL, 1903, Vol. IX., page 286.
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before a window
(cf. Fig. i).

If the light is still stronger than

their normal they will continue in their attempt to get farther

away. When the aquarium is evenly lighted with subdued light

the medusae are evenly distributed and generally at rest. This

may be brought about by darkening the window, and the room

if necessary, until the light is uniformly weak. If, now, the side

crq
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in nearly straight lines when coming to the surface, in the so-

called surface reaction. In fact, the only stimulus to which it

seems to respond in pretty straight lines is gravity, though the

question of the influence of light in the "surface reaction
"

is

difficult to decide.
5 Yerkes's statement" " that the direction of

its movement is definitely determined by light
"

is based on analogy
and not on experiment. In this paper" such expressions as

"movement toward the source of light," and "strong light . . .

soon repels the animals"; again, "an animal passes from the

shadow into the sunlight
"
(page 305), I do not take to mean that

the animals swam directly toward or from the light. However,
if this is meant, the strongest argument in favor of the medusae's

swimming in a direct line not vertical is (page 282) where a

medusa inhibited by strong light, starting up again,
"
usually

turns in such a way as to move back into the shaded region."

Morse 8

reports a similar experiment differing in that he observed

the movement of medusae in the sunlit half of the dish, saying,
" the medusae begin to swim in all directions." With this my ob-

servations agree. Indeed, in Yerkes's answer to this criticism of

Morse's, having repeated the experiment, he says :

"
I found that

when the animals swam so far into the sunlit region before turn-

ing over that they were entirely in the sunlight when they came

to rest on the bottom of the dish, they moved away from the

region of shadow about as often as toward it." In this, then,

he agrees with Morse's contention that the medusae do not turn

directly toward the shadow and swim into it more often than away
from it. In fact he adds (page 462)

" with the light perpendicu-

lar to the bottom of the vessel I obtained the same results as

Mr. Morse. There was no evidence of the directive influence of

light."
10 But Yerkes (page 461) also points out that his infer-

5 This "surface reaction" has been observed in three species of the genus, geo-

graphically far enough removed from each other that it seems to indicate an ancestral

character.

6 Amur. Jour. Physio!., 1903, Vol. IX., page 285.
1 Amer. Jour. Physiol., 1903, Vol. IX., p. 284.
%
Jour. of Comp. Neural. Psychol., 1906, Vol. XVI., p. 454.

9
Jour, of Comp. Neural. Psychol., 1906, Vol. XVI., p. 461.

10 Page 462 Yerkes suggests that the contradiction between himself and Morse in

regard to oblique light might disappear if Morse's meaning of the term were more

fully explained. Turning to Morse's experiment we find (pp. 453-454) that he used
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ence from his original experiment was correct for all medusae

falling on the border between sunlight and shade so that "
part

of the body is in the shadow."

DOES LIGHT ORIENT Gonionemus?

Although Gonionemus does not move parallel to the direction

of stronger light it has been held that its 'movements are directed

by stronger light and that it thus gets from an unfavorable to a

favorable light place by direct responses or movements suited to

this purpose. Yerkes says :

n " This is apparently accomplished

by the more forceful and earlier contraction of that side of the

bell farthest away from the shadow.'' In the case of other

stimuli (tactual and electrical) he had demonstrated this but not

in the case of light. Though, page 285, we read: "Observa-

tion indicates that the side of the organism which is exposed to

the most intense light contracts first and most strongly thus

forcing the bell over," yet there is scarcely the weight of proof
in this observation. In a later paper Yerkes 12

says: "...
brilliant illumination of one side of the bell . . . brings about

movement toward the region of lower illumination." This is

based on an experiment of throwing sunlight on part of a

medusa. He gives 66 per cent, as turning toward the region

of lower illumination.

Morse 13
restates the same explanation of the turning mechanism,

and from the experiment of mutilating one side of the medusa

shows that by the resulting one-sided contraction circle swim-

ming is induced. In a later publication
14 he has shown that

light has the same effect, i. e., to turn the animal. Half of a

medusa in the dark was illuminated by a vertical beam of light.

This caused "... the medusa to swim vertically upward, and

it was only after it had pulsated three or four times that its path
veered from the perpendicular. The result of one hundred trials,

only sunlight falling perpendicularly, and in another experiment in which he used

oblique light it had no reference to Yerkes's former experiment. More medusae would

fall in oblique light with bodies partly in the shadow than in vertical.

n Airier. Jour. Physio/., 1903, Vol. IX., p. 284.
I2
jaur. of Comp. Neurol. Psycho!., 1906, Vol. XVI., p. 461.

I3
jour. of Comp. Xeurol. Psycho/., 1906, Vol. XVI., p. 451.

u Amer. Nat., 1907, Vol. XLI., p. 683.
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upon different individuals in the main
"

gave 70 per cent, in

favor of the view "that light has a directly orienting effect." In

considering this experiment we should know how many different

individuals were used, and should bear in mind that the time

limit for response was from five seconds to three minutes, and

that the turning began to show only after several pulsations.

This would seem to be different from Yerkes's view which is

that the medusae turn directly on stimulation by strong light.

As my experiments were made before the above results were

published, and they favor the view of Yerkes that strong light

turns the animal immediately they may be added here. The

first test was made by using a horizontal band of sunlight as

wide as the aquarium, i cm. deep, and a little distance- -5 cm.

from the bottom. Darkening the aquarium momentarily was

the means of starting the medusae swimming up toward the band

of light. Usually five or more medusas were used to begin the

experiment. Forty-three per cent, were turned back by the band

of light, away from the source
; 33 per cent, turned toward the

source
;
and 24 per cent, swam straight through the band of

sunlight.
1 '5 Now it was thought that an oblique band of sun-

light (similar to Fig. 3) would be more decisive, as one side of

the up-swimming,.medusa would be stimulated, not only more

strongly, but in ^divaiwe !pf>,the other. In this case 50 per cent,

of the medusae turned away from the direction of the sunlight

and 41 per cent, toward it
; 9 per cent, did not respond. A re-

laxed medusa, allowed to float bell downward, showed a more

striking result on touching the oblique band of sunlight. It

turned, and after swimming upward a few strokes, floated down,

only to do the same on striking the band
;
the next time it floated

through and on emerging below turned in the opposite direction,

again away from the band of sunlight, but it continued in a circle

which again carried it up through the sunlight.

There is enough difference in methods employed in our ex-

periments to leave no doubt that the medusae do turn at a sudden

transition into strong light, especially when they are in very weak

15 I am compelled to agree with Morse that the collecting of this medusa in strong

sunlight is not a normal reaction, but rather due to previous excessive stimulation of

some kind.



360 L. MURBACH.

light. Morse obtained his result with a limited number of rest-

ing or moving medusae. From the conditions of his experiment
we may infer that in some cases he did not get a response in less

than three minutes. In my own experiments I rejected any re-

actions that did not take place within a minute after the stimulus

was applied. As to the direction of turning into or away from sun-

light there is not so great uniformity. Had I taken a few cases

like the one of the relaxed medusa above, I would have gotten

high percentages. As it is, I have a large enough result (56 per

cent.) to conclude with others that Gonionemus turns away from

strong light. But on carefully observing this turning it is evident

that not in many cases do the medusae turn in such a way that

their continued swimming would take them parallel with the light

direction. Not infrequently they turn back into the strong light,

as has also been observed by others,
15 or are not turned far

enough. Is not Morse's ingenious explanation, given below, also

a tacit admission that the mere turning by strong light does not

cause a medusa to move parallel to the light direction? This

turning, therefore, cannot be considered true orientation, and

would not lead to swimming directly away from the source of

light. But since it has been shown to be a response to strong

light, the question remains as to its use to the. organism. In

nature the medusae are probably exposed to sunlight only when

they are disturbed and swim to the surface, or when the location

of one is exposed as the sun's rays come in a different direction.

If now the medusas were to be oriented and swim away from the

light it would take them downward, as Morse 16 has already

pointed out. It is to be noticed also that both in nature and in

aquaria, the bottom prevents this, and in a measure compels

swimming toward the region of lesser illumination if the turning

by light has been anywhere within half a sphere. It will be seen

that this behavior, repeated, even if no further directed move-

ment takes place, will be helpful in temporary escape from strong

sunlight.

WAYS OF GETTING INTO OPTIMUM LIGHT.

If I have succeeded, so far, in making my position understood

the question will naturally arise, How do the medusae get into

w
jottr. of Comp. Neural. Psyehol., 1906, Vol. XVI., p. 455.
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favorable light areas ? Although Yerkes does not hold it so, I

believe he has indicated one way in his observation :

17 " When
an individual in swimming about chances to cross from the sunlit

region into the shadow, it very quickly ceases swimming and

sinks to the bottom." In another connection but bearing out

the same point, Morse ls has this to say - - "
being in motion

almost incessantly, and swimming in all directions, it is obvious

that sooner or later they will enter the dark area. Once having

entered this area, the stimulating effect of sunlight being cut off,

they remain as in a trap." Even if we do not hold that only

light stimulates, or that optimum light acts like a trap the ex-

planation may hold.

More recently Morse 19 has described a way in which Gonio-

nenius may get from a location that is unsuitable with respect to

light to a more suitable one. A medusa was placed in the end

of an aquarium through which the sunlight was reflected hori-

zontally. The medusa swam to the surface in characteristic

fashion, each time bending its upward course a little farther from

the vertical, and therefore away from the source of light. Thus

ultimately it got to the farther side of the aquarium, into weaker

light. The promising feature of this explanation is that it is

based on the peculiar habit of the animal - - swimming to the

surface when disturbed. The other case that Morse records of

a "
strong swimmer "

moving directly toward the less illuminated

end of the aquarium I should consider an exception, as in repeat-

ing the experiment I have observed that some medusas move

almost directly to the lighter end after proceeding, by stages, to

the darker end. In my trials I have found that about 25 per cent,

get to the farther end of the aquarium by the method indicated, but

instead of its being a regular method of progression it seemed to

me to be characterized by irregularity. This may be due to the

fact that Morse seems to have worked with few individuals,

whereas I placed a number in the aquarium at the beginning of

the experiment and added to these as the experiment progressed,

so as to get results representative of more than individual be-

17 Amer. Jour. Physiol., 1903, Vol. IX., p. 282.

l

*Jour. of Comp. Neural. Psychol., 1906, Vol. XVI., p. 454.
19 Am. Nat., 1907, Vol. XLI., p. 684.
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havior.
20 While the majority of the medusae in the experiment

finally reached the less illuminated end of the aquarium they did

so by regularly swimming about, resting longer each time they
had progressed farther from the light and a shorter time between

swimming intervals that again took them toward the light. A
few came to rest in the lighter end of the aquarium, as almost

always happens in light experiments.

Now if the medusae do not swim directly toward weaker light

and are not turned definitely in such direction, even after trials,

at any time, their collecting in weaker light might still be

accounted for by the above explanation, if this could be elevated

to the dignity of a method. That is, each time a medusa gets

into an optimum light it remains longer, and when in an unfavor-

able light field remains a shorter time, and thus more and more

of them will get together in these optimum places.
21

From the foregoing it will be seen that there are several ways
in which Gonionemus gets away from the strong light into an

intensity best suited to its activities, without the intervention of

tropism or "trial." If its only mode of locomotion, or even the

chief one, to stimuli were the up-swimming
" surface reaction

"

then it would plainly be "
trial," or " motor reaction."

CHANGE OF INTENSITY AS A STIMULUS.

In Yerkes's earlier statements 2:! about the relations of Gonione-

imis to light the words increase and decrease of light intensity

are used, but only in his later answer to Morse's criticisms 23 does

he make the statement that he has "abundant evidence that

change in intensity of light stimulates the medusa." I had exper-

imentally come to the same conclusion.

When the medusae are at rest darkening the aquarium or

shading one with an opaque object, such as the hand, is sufficient

20 Once I observed a medusa that seemed to follow pretty regularly a movable

slit admitting stronger light into a darkened aquarium. Although it was pronounced
I could not confirm the reaction in other specimens.

21 After writing the above 1 find Mast ("Light Reactions in Lower Organisms,

II., Volvox,
"
Jour. Conip. Neural. Psycho!., Vol. XVII.

, p. 169) has similarly ex-

plained the aggregation of Volvox in optimum light.
22 Amer. Jottr. PhysioL, 1902-3, Vols. VI. and IX.

^Jonr. of Comp. Neurol. Psycho!., 1906, Vol. XVI., p. 460.
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to start movement in a few seconds
; again, by throwing stronger

light with a small mirror on any medusa it can be made to move

about. Indeed, the one or the other of these ways was gen-

erally used in my experiments to get motor reactions. Next

some experiments were made to determine the height to which

Gonionemits would swim after a single stimulation by change of

light intensity. Eight medusae were placed in a hydrometer jar

72 cm. deep and 9 cm. in diameter. When they had come to

rest in the bottom of the jar they were stimulated by dark-

ening the room until the medusae could just be seen. They swam

to the top, at intervals, somewhat irregularly. The shades were

now quickly raised and thus the top of the jar illuminated with

strong diffused daylight. Three medusae swam downward so

directly as not to touch the s-ides of the aquarium --not varying

9 cm. from their course. Five floated down part way and then

two turned and swam the last third of the way down. In another

trial, out of three at the top one swam down 31 cm. without

touching the sides of the glass jar. This, it would seem to me,

is in the nature of proof that change of light intensity starts and

gravity directs the downward course.

SOME MOOTED POINTS.

In regard to the question whether the decrease or the absence

of light (darkness) is a stimulus for motion or inhibition there

is difference of opinion. Yerkes in his first paper
24 on Gonioncimis

says
" Romanes's statement that change from light to darkness is

inhibitory of action is not very apt." He adds, it
"

is merely the

absence of any motion producing stimulus." In a later paper

on this medusa, however, he 25

says "decrease in light intensity

temporarily . . . inhibits activity." Morse 21 from practically

the same experiment that Yerkes used concludes that " we have

no inhibition of movement in passing from light to darkness.

In the dark the stimulating effect of light is absent and hence the

movements ultimately cease." Yerkes Tl does not agree with this

u Amer. Jour. P/iysiol., 1902, Vol. VI., p. 445.
25 Amer. Jour. Physiol , 1903, Vol. IX., p. 282.

^Jour. of Comp. Neural. Psycho!., 1906, Vol. XVI., p. 453.

21
Jour, of Comp. Neural. Psycho!., 1906, Vol. XVI., p. 460.
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criticism but modifies his former statement to say
" a consider-

able decrease causes a more gradual cessation of activity." I

have no doubt that he has the correct solution of the question,

as shown by the experiments above, when he says
" the change

in intensity of light stimulates the medusa." Tn other words,

then, a change in light intensity not only stimulates a resting

medusa to move but it may bring a moving individual to rest.

This is in accord with well-known facts in the behavior of

other animals.

This leads to another point under discussion, /. e., whether or

not " the reactions of a swimming organism are different from

those of one at rest." Morse 29 believes they are not and sup-

ports his contention with an experiment of letting light fall on

one half of a medusa resting in the dark
;
then on the half of a

swimming individual. In swimming up both turned from the

vertical. It is clear that the discrepancy is based on a misappre-

hension. To take Morse's own case as an illustration : the light

let fall on the resting medusa set it in motion and beyond this,

the light produced the same reaction, as it was really in each case

falling on a swimming medusa. Therefore Yerkes's statement

above is correct.
30

SURFACE REACTION.

While there is no doubt that the up-swimming of Gonionennts

is directed by gravity as stated by Yerkes,
31 nevertheless light

seems to be a more important factor than he holds. Indeed I

may say it is a necessary concomitant as may be seen from what

follows. That it is not directive Yerkes (page 281) has shown

by his experiment of using bottom illumination. The medusa

move up to the surface and turn over normally. But casual

observation of the upper surface of the water shows that it is

sufficiently illuminated from the bottom to allow the medusse to

come to the top. So I substituted lateral illumination through

an opening near the bottom of the aquarium. The aquarium

&
Jour. of Comp. Neural, Psycho!., 1906, Vol. XVI., Morse, p. 452 ; Yerkes,

p. 462.
29 Amer. Nat., 1907, Vol. XLL, p. 683.
3(1 Other points are covered in foot-notes 3, 10, 15, pages 356, 357, 359, also page 365.

r. Jour. Physio!., 1903, Vol. IX., p. 281.
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was otherwise darkened on all sides and reflection reduced as

much as possible by filtering the water. Now the medusae swam

near the bottom, 8 cm. being the greatest height reached. As a

control, bottom illumination was then used and immediately one

of the animals swam to the surface and one came near it. Three

other experiments were made, and the most striking case was

that of one medusa swimming through the light band fourteen

times in 72 seconds without reaching top or bottom. When
the aquarium was so much darkened that I could not see the

medusae, sudden illumination showed that they had attached by
their tentacles to the sides or bottom. Thus the presence of

light seems necessary for the regular up-swimming activity of

Gonioncinns and gravity then acts as a stimulus to direct it.

In regard to the part light plays in the surface reaction,

Yerkes 32

says: "... although light seems to be one of the im-

portant conditions for this reaction, it may occur in the absence

of light." My experiments just cited show that the last part of

this statement is not tenable and that the first part is correct.

The chief importance of light in bringing Gonioneiinis to the

surface, it seems, is in keeping the medusa negative to gravity.

Morse 33
incorrectly, believing that Yerkes held that light

causes the inversion at the surface, denies this, and concludes

"the cause for reaction is not evident." Later 34 he explains the

inversion the same as Yerkes had previously done 35

by assuming

that the apex of the bell is thrust unevenly above the surface.

Now as the apex of the bell is heavier we no doubt agree that

gravity causes the inversion, though not as a stimulus.

As the inversion at the surface is preceded by inhibition of

contraction the question arises whether this is due to strong

light. Yerkes 36 and Morse 37 have observed that medusa do not

stop and turn (invert) when made to swim up against a heavier

substance than air, such as a board, a glass plate, a layer of olive

oil, but they continue to swim against these layers until ex-

M
Jour. of Comp. Neitrol. Psycho!., 1906, Vol. XVI., p. 458.

Jour. of Comp. Nenrol. PsychoL, 1906, Vol. XVI., p. 451.
34 Amer. Nat., 1907, Vol. XLI., p. 686.

35 Amer. Jour. PhysioL, 1903, Vol. IX., p. 281.

36 Amer. Jour. Physio/., 1903, Vol. IX., p. 281.

37
Jour. Comp. Neural. Psychol.. 1906, Vol. XVI., pp. 450, 451.
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hausted. The fact that inhibition and turning do not take place

under glass indicates that light does not cause either. The above

observations suggested to me that contact of the apex of the

bell with air may cause cessation of movement. This idea is

apparently supported by holding a layer of air imprisoned

under a petrie dish cover some distance below the surface of the

water. The animals respond the same as at the surface.

Nevertheless, longer observation of the behavior suggests that

it is after all, perhaps, nothing more than the recoil of a last

ineffective stroke
; something as when a person, finding one less

step than he expected at the top of a stairway, does not immedi-

ately contract his muscles for another step but loses his equi-

librium. Light not being the cause of the inversion (with

Morse 38

),
nor of inhibition, no further discussion is warranted

here.

ARE THE MEDUS/E DIRECTED BY LIGHT RAYS?

Morse 39 has decided from an experiment with oblique illumina-

tion over the end of a shaded aquarium, because the medusas col-

lect in the ray-direction-end of the aquarium rather than in the

shaded end, that " the direction of the ray of light is the important

re

CL

C/q

o

FIG. 2. Top View.

factor in orientation." Has he not left out of consideration another

important factor, that of light intensity in the aquarium ? Change
of intensity has already been shown to be the important stimulus

in reactions to light, nevertheless, it seemed worth while to test

whether it is ray direction or intensity that determines where the

Jour. Comp. ATeurol. Psycho!., 1906, Vol. XVI., pp. 450, 451.
39 Amer. Nat., 1907, Vol. XLL, p. 684.
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medusas will collect. The following experiments were tried :

The aquarium used in previous experiments was placed before an

open west window at three o'clock in the afternoon, in good dif-

fused daylight. In fifteen minutes the majority of the medusae had

retreated to the end of the aquarium away from the window (Fig.

r
> P- 356). Now a large mirror (M, Fig. 2) was placed vertically

against one corner of the aquarium away from the window, so as

to throw light across the end of the aquarium. In fifteen minutes

most of the medusae had collected in the opposite corner of the

aquarium away from the window and where the light was least

intense. The mirror was now placed at this corner and record

again made in fifteen minutes. Many of the medusae were scat-

tered about, but again there was a larger number collected in the

FIG. 3. FIG. 4.

corner farthest from the sources of light. In two other experi-

ments a sort of spot-light effect was produced, by having the

aquarium darkened except at one end, and a vertical strip

(Fig. 3) at one side next the open end so as to throw sunlight

across the open end diagonally. There was also a slit near the

top of the closed end of the aquarium for a band of sunlight or a

mirror beam. The medusae gathered farthest from the source of

light when sunlight was passed through the end of the aquarium.

Now crossing this sunlight by a beam from a small mirror,

through the slit, made the medusae leave the place where the

light overlapped- -where it was more intense. The position of

the sunbeam and mirror was reversed with a corresponding re-

sult. In this case the mirror was held high enough so that its

circumscribed area of reflected light fell on the farther corner of
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the aquarium, leaving a place of high intensity where the band

of sunlight fell, but not so high as that where the two overlapped

(F'l - 3)- Other portions of the aquarium seemed to be of too

low intensity, as the medusae remained in the lighted portions.

The effect of relative intensities was then seen by lowering the

mirror so that its beam was projected horizontally across the band

of sunlight. Again there were more medusae in the corner farthest

from the two sources of light (compare Fig. 2). In the final test,

sunlight was admitted through a slit near the bottom of the

aquarium and the mirror placed back of the aquarium in such a

position as to throw reflected light obliquely against the sun-

light, as it were (Fig. 4). Now the medusae collected some dis-

tance from the back of the aquarium in the region of lesser in-

tensity. Finally, that it is relative intensity and not ray direction

is also shown by a former experiment (page 359) where medusae

turned away from an oblique band of sunlight in a darkened

aquarium. They turn nearly as often toward as from the source

of light. Ray-directing, seems to me, out of the question.

SUMMARY.

1. The medusae do not usually direct their movements to favor-

able locations but continue swimming at random until they come
into an optimum environment, where they settle down.

2. Intense light turns medusae away, thus avoiding injury.

3. Change of light intensity is the stimulus for reactions to

light. In pronounced decrease, the change of intensity causes

inhibition.

4. Relative intensity in the field, not ray direction, determines

the place of rest.

5. Light is necessary for the up-swimming activity, though not

directive this being due to gravity.

6. Contact of the bell with air and the accompanying recoil

probably causes the inhibition that precedes inversion of the bell

at the surface.

MARINE BIOLOGICAL LABORATORY,
WOODS HOLE, MASS.,

August, 1909.
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BIOLOGICAL BULLETIN

NEW AND LITTLE KNOWN HYDROIDS OF
WOODS HOLE. 1

CHAS W. HARGITT.

During the summer of 1907, while engaged upon certain

problems associated with the work of the biological survey carried

on at the Fisheries Laboratory, I described several hydroids,

some new, others more or less rare, in a paper published in the

BIOLOGICAL BULLETIN, January, 1908. During the following

summer I was fortunate in finding a few others which, like the

former, were in part new and in part hitherto unknown within

the locality, and in one case at least, wholly new to American

fauna. In the following account will be found such descriptions

as seem called for in order to bring them definitely to knowledge

as integral factors of the hydrozoan fauna of the region con-

cerned.

Cf.ADOCORYNE FLOCCOSA Var. SARGASSENSIS.

In a mass of Sargasswn which was picked up during the

summer of 1907 in Vineyard Sound, bearing a rich hydroid

fauna, I found a very minute hydroid which at first greatly

puzzled me. It was intricately associated with other species,

particularly with AglaopJicnia minuta, and at first seemed to be a

sort of nematophoric accessory of this hydroid, the small round

heads of young specimens bristling with nematocysts having but

little resemblance to an independent hydroid. But a more

extended examination brought to light other and larger speci-

mens, and soon it was found that the thing under examination

was beyond doubt a very minute and apparently unknown species

of hydroid. A series of developmental stages were found giving

all conditions, from minute buds just arising from the stolon-

1 Contributions from the Zoological Laboratory, Syracuse University.
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iferous base to others with mere buds of tentacles, with still others

having growing tentacles from the base of a definite hydranth
on to the fully developed hydroid with full complement of ten-

tacles, etc. Fig. i shows the hydroid enlarged ten diameters,

while Fig. 2 shows the hydranth greatly enlarged to

show the peculiar branching and knobbed tentacles.

With this much clear it was not difficult to trace its

generic affinities under Cladocoryne, Rotch. 1 But it

was doubtful as to its specific relations. Rotch had

described a species, C. floccosa, found at Herm, near

Guernsey, having a habitat on stones, and being 612
mm. in height. Perrier has also described a species,

C. simplex, found on Sargassum? but I have not had

access to Perrier's book, and so am unable to form

any definite notion of that species.

The present species is very minute, being only 24 mm. in

height and differing more or less as to other features. I have

suggested for it a varietal distinction, proposing the name sargas-

sensis, as indicative of its habitat. The following characters are

diagnostic :

Tropliosome. Stems mostly simple, occasionally branching

slightly, rising from a reticulate hydrorhiza. Hydranths rela-

tively large, spindle-shaped, with elongated hypostome similar to

that of Pennaria. Tentacles about twelve, variously branched

and definitely knobbed, and disposed in some three verticels over

the body of the hydranth. These tentacles are peculiar and

thoroughly distinctive, both in structure and development. A
second series of oral tenacles, about six or seven in number, are

simple, with knobbed ends, and surround the mouth. All are

richly packed with nematocysts.

The perisarc, both of stem and hydrorhiza, is rather dense and

irregularly annulated.

Gonosome. This is wholly unknown, in the present specimens

at any rate.

Habitat and Distribution. The present is the only time I

have seen the species. As stated before it has its habitat on

1 Ann. Mag. Nat. Hist., March, 1871, Vol. VII., p. 227; Allman, "Gym.

Hydroids," p. 38.

2Cf. Billard,
"
Exp. Talisman," p. 161.
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floating Sargassum. I have hunted carefully over later collec-

tions of gulf weed but without finding trace of it.

CALYPTOSPADIX CERULEA Clarke.

On August 7, 1908, 1 found growing on the sides of the steamer

Fish Hawk, at Woods Hole, several fine colonies of this hydroid,

originally described by Clarke,
1 and so far as I am aware has

FIG. 2.

not since been a subject of record. In general aspects and size

it resembles Bougainvillia, and was in the present instance

thought to be that hydroid. A closer scrutiny soon revealed its

marked differences.

Its original description from Chesapeake Bay, and its occur-

rence on the Fish Hawk, which had only a month previous come

from Norfolk, at once suggested the probability of its having

been thus transported to this locality. It is not strange, there-

^ Mem. Bost. Soc. Nat. Hist., Vol. III., 1882, p. 136.
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fore, that I made the following entry in my notes at the date

above mentioned: "This is a fine illustration of the importance
of ships as a means in the distribution of organisms." On the

following day it occurred to me to look about the docks at which

the steamer was moored as to whether any signs of the hydroid

might be found on the piles ;
and somewhat to my surprise col-

onies were found at several points, some of them quite remote

from the ship. Immediately the query arose, Did the Fish

Hawk bring the hydroid, or had it found a place on the ship

from contiguous piles of the dock ? The smaller and younger
conditions of colonies on the ship suggested the latter alterna-

tive, but still with the prepossession of theory strongly inclining

to the former. An examination of the outer side of the ship

showed an almost entire absence of the hydroid, which still

further emphasized the doubt as to the ship's relation to the

matter of distribution. The matter found a final solution so far

as the present issue was concerned when on August loth Mr.

Vinal Edwards having at my request brought a few hydroids
from Wareham bridge at the upper arm of Buzzards Bay, and I

found among the material fine colonies of the same hydroid.

This of course ruled out the Fish Hawk so far as the present

case was concerned, for the last habitat was entirely beyond the

reach of the ship as a means of transportation.

During the current season, 1909, I looked several times at the

fisheries docks for colonies during July and early August, but

in vain
;
but again I was able to obtain luxurious colonies from

the Wareham locality. This clearly established the fact that the

species is thoroughly established as a permanent feature of the

local fauna. But the matter as to hoiv and when it became

established must be a subject of much uncertainty for the pres-

ent. That it has been established for any considerable time I

seriously doubt, having been collecting throughout the region

more or less assiduously for many years without previously find-

ing any trace of its presence.

The hydroid is a large and beautiful species, the bluish color

of the female gonophores making it strikingly different from

almost all other species of its character. Fig. 3, copied from

Clarke's paper, gives a fair idea of the main features of the

hydroid.
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CLVTIA VOF.UBILIS. Fig. 4.

On floating masses of Sargassum were found prolific colonies

of a hydroid which had many of the characteristics of Clytia

johnstoni, and which I took for a time to be that species, though

recognizing certain features which differed from it. During the

current summer I took at Harpswell, Maine, what proved to be

very typical specimens of the species, and which upon comparison

with the former showed very marked and constant differences.

I was therefore forced to reconsider its specific relations. In

FIG. 3.

doing this I had occasion to compare it with specimens taken at

Naples several years ago, and which I had then considered as

C. johnstoni. The two species had much in common, indeed

differed hardly more than might species from remote localities.

A review of the literature brought to light the fact that certain

authorities have considered the two above named as identical.

For example, in his monograph
" Die Hydroiden des k. k. natur-

historischen Hofmuseums," Marktanner-Turneretcher has thus

treated them, giving preference to the earlier name of Ellis and

Solander.
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A comparison of the characteristic specimens of C. johnstom

taken at Harpswell with the Woods Hole and Naples specimens

has led me to consider both as entitled to specific distinctness, and

I am therefore designating the local species as C. vohibilis, and

believe the Naples specimens to be the same. The following

features are diagnostic :

Stems usually simple and unbranched, 2-4 mm. high, annu-

lated at proximal and distal ends, occasionally indefinitely annu-

lated throughout. Hydranths relatively large, with 2024 stout

tentacles, and with a prominent hypostome, more or less trumpet-

shaped in expansion. Hydrothecae broadly campanulate, not

very deep, and with about 10 12 shallow rounded teeth, in some

specimens the margins hardly more than undulate.

Gonangia borne on the reticulated hydrorhiza, rather large,

and with very short plain pedicels. An interesting feature was

the fact of a remarkable variation as to the aspects of these

organs. Most were rather smooth, oval structures
;
but in not

a few cases they were strongly corrugated throughout, and ex-

amples showing all phases of intergrading in this particular were

easily found.

It may be well in this connection to call attention to a species

of Clytia described by Congdon from Bermuda,
1
C. simplex, which

has features in some measure intergrading with the one under

review. I have not seen Congdon's type specimens, hence have

only his general description as a guide. It will be seen that his

specimens average considerably larger than my own, and the

hydrotheca is given as longer, and with deeper teeth, still it

might be worth an attempt to critically compare the types of

these several species with a view to ascertaining just what grounds

might be found bearing upon their interrelations.

CLYTIA CYLINDRICA Ag.

On at least two occasions recently I have taken this beautiful

little hydroid. While at times it may be found in considerable

numbers, it does not seem to be especially common, though this

may be due in part to its very small size. In height the simple

stems are from 11.5 mm.; the hydrothecae about 0.5 mm.
1 Proc. Am. Acad. Arts and Sci., Vol. XLII., p. 471, 1907.
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long by about'o.2 mm. broad
; they are cylindrical in form, with

about 8-10 sharp, deeply cut teeth. Gonangia are elongate,

more or less cylindical, smooth, borne on delicate pedicels ringed

at proximal and distal ends. The hydranths are extremely deli-

cate, and with delicate orange to reddish tints just below the

tentacles.

OPERCULARELLA PUMILLA Clark.

Among a few hydroids collected in March, 1908, by Dr. F.

B. Sumner were found a very few specimens of this species, a

record of which is important since I can find no evidence of its

occurrence since that of its original description by Clark.
1 He

records having taken it at Portland, Maine, and off Montauk Pt,

Long Island. The related species, O. lacerata Hincks, he records

from New Haven, Conn. Clark expressed some doubt as to

whether his species really came under the genus to which it was

assigned, and Nutting has expressed doubt as to the validity of

the species, believing it probably identical with 0. lacerata. My
own specimens conform very closely with Clark's description

and figures. It is a most beautiful and delicate little hydroid.

Stems and branches are annulated throughout. No gonangia

were present on my specimens.

OBELIA CONGDONI, n. sp.

On several occasions recently I have taken from floating gulf

weed at Woods Hole an Obelia which, while apparently closely

related to 0. hyalina Clarke, differs in several important features,

as will be pointed out later.

Congdon has recently described a species from Bermuda,

which he referred to Clarke's O. hyalina,
2 but which I am convinced

is identical with the species under consideration, and which seems

to me to be an undescribed species.

Congdon's description and figures are sufficiently accurate

to obviate necessity for any considerable details in this connec-

tion (cf. op. df.). A few points which seem to be in rather sharp

contrast with Clarke's species may be given.

According to Clarke 3 the " branches of the stem arise in the

1 Trans. Conn. Acad. Sci , Vol. III., pp. 61-2.

2 Proc. Am. Acad. Arts and Sci., Jan., 1907.

*Bu!l. Mus. Comp. Zool., Vol. V., 1879, p. 241.
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axils of the hydrothecae." This I do not find to be the case in

the present species. Again, according to Clarke, the "
gonangia

are small, about twice the length of the hydrothecae, rounded

off at the distal end, with a simple spherical, terminal opening
which stretches across the distal end." On the contrary, the

gonangia are large, about four times the length of the hydrothecae,

and the opening is not simple, but there is a terminal neck with

everted rim. It should also be said that in contrast from Clarke's

species in which the colony is said to be "about 12 mm. in

height, and but little branched," in the present case the colony is

from 20 to 30 mm. in height, and much branched.

Gonosome. The medusae when liberated have 24 tentacles,

but others are rapidly acquired and within ten or twelve hours

many specimens have from 30 to 36. The general aspects of

the medusa are distinctively obelian
;
there is the eversible bell,

the squarish manubrium at base, with rounded oral portion, with

two otocysts in each quadrant.

Regarding the species as new, and in deference to Congdon's

description, I suggest as its specific designation Obelia congdoni.

CALYCELLA SYRINGA.

This species is neither new nor rare in this region. Reference

is made to it for the purpose of calling attention to certain fea-

tures of habitat and variation which seem of some interest and

importance. Nutting refers to it as " found abundantly in the

Woods Hole region, growing over all sorts of plant-like marine

organisms, especially other hydroids." This statement I am
able to confirm, though with a single qualification, namely, its

seasonal oscillations. I have found it rather imcouinion during

the midsummer season, and have never found it actively propagat-

ing at this time by sexual modes. In early spring March to

May it seems much more abundant and immense colonies

with prolific crops of gonangia are not rare.

Another feature calls for some attention, namely, the variable

size and aspects of the species in midsummer. At this time

specimens found by me have been invariably of dwarfed char-

acter, so much so that for some time I was rather inclined to

consider it as a distinct species. Typical specimens taken in
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spring have the distinctive elongated and spirally annulated pedi-

cels and large hydrothecae. But specimens taken in summer, so

far as my observations have gone, are uniformly and constantly

small --only about one fourth that of typical specimens, and

have extremely short pedicels, with only one or two annulae, or

with none. I was not unaware that Clarke * had referred to certain

variations in size, but he made no special reference to it save as

an exception. It was only after careful search among colonies

of typical specimens that I was able finally to find an occasional

specimen of this dwarfed character. I have satisfied myself that

it is but another instance of that tendency to seasonal variation

which is well known in other cases. It is well, however, that it

FIG. 5. < 100.

be emphasized, as well as the further fact that at certain times

dwarffeatures are distinctive and constant. Fig. 5 shows some

of these dwarfs enlarged.

One other feature may be referred to in connection with this

phase. Clarke called particular attention to the appearance in

certain hydrothecse of this species of a "wide ring, oramented

with from ten to fourteen longitudinal markings, which rises for

some distance above the rim and on the summit of which there

is borne either an operculum or another ring ;
in some cases

1 Trans. Conn. Acad. Sci., Vol. III., p. 66.
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there are as many as four of these rings with an operculum at

the summit." Such series of rings I have found to be rather

common
;
but it has not been possible to distinguish, even with

high powers, the " ornamental markings
"
to which Clarke makes

reference. The surface of these secondary, or additional rings

is quite as devoid of such markings as is that of the original

hydrotheca itself.

CALYCELLA NUTTINGI, n. sp. (Figs. 6, 7.)

Growing upon colonies of the bryozoon, Bugula turrita, taken

at the fishing grounds off Sankety, and later at Woods Hole, and

even still later at Harpswell, Maine, I have found a microscopic

species of Calycella, which seems to be undescribed. It is hardly

more than one tenth the size of an average specimen of C. syringa,

and differs in other respects as well. Its very minute size may

probably account for the fact of its having been overlooked in

FIG. 6. FIG. 7.

spite of continuous collecting throughout the region for many

years. The following characters are diagnostic of the species :

Trophosome. Colony composed of a creeping, filiform stolon,

slightly, if at all, reticulated, from which at very irregular inter-

vals arise the hydrothecae. These are tubular, though not quite
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cylindrical, gradually widening from base to margin, as shown in

Fig. 7, and are without appreciable constriction at base where

it articulates with the short, annulated pedicels, the annulations

occasionally extending some distance (rarely over entire body),

on the thecal walls, giving the impression of complete annulation

when viewed obliquely. The hydrothecae are very delicate, often

collapsing at the distal ends when being prepared for mounting.

There is a definite operculum, which often appears plaited, the

individual valves being more or less difficult to distinguish. I

have not determined their exact number with any degree of cer-

tainty. In many cases these valves exhibit the same aspect of

inversion as is the case with C. syringa, but I have not found

the presence of secondary rings or other marginal duplication as

in the latter species. Total length of pedicel and theca 0.2-0.3

mm. or an average of about 0.25 mm., by about 0.07 mm. in

diameter.

Hydranth extremely small and delicate
; body elongate, cylin-

drical, with conical hypostome ;
tentacles very delicate and

thread-like, usually ten in number, occasionally eight.

Gonosome unknown. The examination of many colonies from

various localities failed to discover signs of gonangia. It may be

probable that like C. syringa this species has its breeding season

at some other time of year.

Habitat. Found only associated with other hydroids, or

similar organisms, e. g., bryozoa, and hence is probably of com-

mensal habit. No evidence was found indicating parasitism.

It is a pleasure to name the species, with his consent, in honor

of my friend and distinguished student of hydroids, Professor C.

C. Nutting.

KERATOSUM COMPLEXUM, n. gen. and sp. (Figs. 8-10.)

On three successive summers there has been taken an organ-

ism at Crab-ledge which was variously assigned to the Porifera,

Bryozoa, and finally came to the writer. A glance at Fig. 8

will show how little there is from a superficial view to suggest

hydroidean affinities. Indeed it was only after sections had been

made, or maceration and dissection of the thing, that its true rela-

tions became evident. And it was only after considerable re-
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search that its generic relations were even approximated. In

1892 Levinsen described a hydroid from Greenland (Meduser,

Ctenophorer og Hydroider fra Gronlands Vestkyst),
1 which

seemed to have much in common with the one here under review.

He had described it as a new species under the genus Lafceina,

Sars, naming it L. maxima. At first it was thought the present

FIG. 8. Photograph of colony % natural size.

species was probably identical with it, but when one undertook

to work out details of morphology it became more or less certain

that it not only was not the same species, but that, moreover, it

could hardly belong to the same genus, if, indeed, there might
not be the necessity of establishing for it a new family.

l "
Saertryk af Vidensk. Meddel. fra den naturh. Foren.," 1892.
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The genus Lafceina was established by Sars (Bidrag til Kund-
skaben om Norges Hydroider)

'

for a very minute hydroid found

on stems of Perigonimiis, the chief generic character of which

was the presence of minute urticating organs, or nematophores,
unlike any before known. Levinsen's description is rather inade-

quate, and his figures not altogether satisfactory, but to the writer

there seems to be so comparatively little in common between his

species and that of Sars, that it may be doubtful whether it should

FIG. 9. i, Axial tubes ; 2, hydrothecae.

not have been placed under a new genus. Be that as it may, it

seems very sure that the present one must find different generic

housing. For example, in Sars' genus the hydroid has a reticu-

late hydrorhiza, and Levinsen describes something of the sort for

L. maxima, but in the present species while there may be com-

prised something of the sort, it would be more correct to describe

the complex stem as arising from a dense, sponge-like base, etc.

Concerning the family relations I am not disposed in this

connection to enter into any critical review. While the Perisi-

1 " Saerskilt aftrykt Selsk. Forhandlinger" for 1873.
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phonidae would be the only one under which it might be placed,

still the family as at present defined, according to Allman

(Hydroida, Part II., p. 32),
1 would by no means provide for

the species. For example, while there is an axial tubular mass,

as shown in Fig. 9, there is no single one of these which bears

the hydrothecae as called for by the definition referred to. How-

ever, for the time being the species may be left under this family

till such time as adequate revision may be undertaken, when the

needed modifications may be provided.

As already intimated, it seems necessary to institute a new

genus as well as species for our hydroid. For the genus char-

acters the following are designated as diagnostic :

Colony sponge-like, both in general aspect and in the texture

of stems and branches, as well as in growth-habit. Looked at

from a short distance it resembles very much our common sponge,

Oialina arbuscula, in almost every particular. Hence the pro-

posed generic name Keratosuin. The stems arise from a disk-

like spongy base and branch much after the manner of "
finger

sponges." These are composed of a complex and intricate mass

of siphon-like tubes which ramify and anastomose irregularly,

and from which arise hydrothecae, and nematophoric organs, the

latter with thecoid terminal structures similar to the former, the

whole cemented together by a dense sponge-like felt of very

tenacious and resistant character. Longitudinal and transverse

sections of stems or branches show them to be composed of the

following parts : (i) a central, axial portion, made up of more

or less parallel, anastomosing tubes
; (2) a peripheral portion,

composed chiefly of hydrothecae and what may be termed nema-

tothecas
; (3) ramifying strands of ccenosarc, which seem to inter-

penetrate the elements of the peripheral zone. Figs. 8, 9 and

10 will show both the surface aspects as well as sectional views

just mentioned.

Concerning specific diagnosis it must be regretted that the

physiological state of the hydroid was such as to afford but

meager characters of specific nature. The organism in all the

specimens collected seemed to be in a state of hibernation, or

better, perhaps, (estivation, no hydranths or similar organs being
i "

Report Chall. Exped.," Vol. XXIII. (part 70), p. 32, 1888
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distinguishable. Hence such organs as tentacles, gonophores,

etc., which afford important specific characters, were wholly

lacking. I had at first attributed this condition to bad preserva-

tion
;
but collections made at two subsequent seasons, in each

case care being taken to preserve by approved methods, have

convinced me to the contrary. It seems highly probable that

this hydroid during the summer season is in a state of suspended

animation, so to speak ;
a condition quite common among hy-

droids at various seasons. It must suffice in this connection to

make brief reference to a few features, as hydrothecae, etc. As

shown in the figure, the hydrothecae are tubular structures, aris-

ing from the axial tubes by rather narrow necks, and extending

FIG. 10. Cross-section of stem. I, Axial tubes ; 2, hydrothecse ;

3, coenosarcal strands.

upward and outward, becoming more or less curved, and open-

ing to the surface by somewhat oblique mouths. While in many
cases there seemed to be opercular-like folds at the thecal open-

ings yet they were difficult to definitely demonstrate or describe.

As to size hydrothecae averaged about 0.7 to I mm. in length,

by about 0.12 mm. in diameter at median portion, somewhat

larger at mouth. In no case were gonangia distinguishable, nor

evidences of germ cells. This might be expected as to the last,

but if gonangia are an organic part of the skeleton one might
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expect some trace of them in some specimens, at any rate. But

none could be recognized.

Nematophores were distinguishable, and in a general way seemed

similar to those described by Levinsen. They are elongated

structures, cylindrical in shape, and with terminal thecoid organs

which are smaller than the hydrothecae, much smaller indeed,

but with no peculiar or distinguishing features. In many cases

the definite organization of the nematophore was distinguishable,

and the knobbed heads were found loaded with numerous nema-

tocysts which measured about 0.015 to 0.02 mm. in length by
about one third of this in diameter. In shape the nematophores

may be designated as elongate-clavate ;
and are probably pro-

trusible in life beyond the nematothecae as organs of defense, or

offense, according to circumstances.

In connection with the account of the morphology there should

have been mentioned a matter of interest, as well as of difficulty,

namely, that concerned with the attempts to dissect and separate

the elements of the complex stem structure. The usual resort

to boiling with potash or caustic soda, while affording some aid

in clearing out the organic contents of the tubes, afforded very

small aid in isolating the elements. Even when macerated for

hours or days in strong solutions, or after prolonged boiling, so

far as my own efforts were concerned, the macerating processes

availed but little. And when resort was had to javelle water the

consequences were worse, for with that agent both the cement

substance and the chitinous perisarc itself were attacked about

equally, and the end was, naturally, the disintegration of the en-

tire mass.

I was interested to find a similar experience recorded by All-

man (pp. cit., p. 47). Of the adhesion of the tubes of Gram-

maria he says : "So intimate is this adhesion that I have found

no treatment, even prolonged boiling in caustic potash, of in any

way overcoming it. Gramniaria in this respect presents a strikr

ing contrast to Cryptolaria, as well as other genera of the Peri-

siphonidae, in all of which maceration in a solution of caustic

potash so weakens the adhesion of the tubes to one another that

they may then be easily separated by the dissecting needle."

All in all, we have in this hydroid one of the most interesting,
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and in some ways anomalous, of this remarkable group of organ-

isms. No name compatible with the rules of nomenclature

would in any measure serve to more than hint somewhat

of this; hence in proposing for it the above title Keratosum

coniplcxuui it may be presumed to be modestly christened !

It is a pleasure to acknowledge obligations to Dr. R. C. Os-

burn for aid in securing material of this species.

SYRACUSE UNIVERSITY,

September 15, 1909.



AN ECOLOGICAL STUDY OF THE PLANKTON
OF SHAWNEE CAVE.

WITH NOTES ON THE CAVE ENVIRONMENT. 1

WILL SCOTT.

WITH THREE FIGURES.

During the year beginning September 7, 1907, the speleological

fellowship of the department of zoology of Indiana University

was held by the writer with residence on the Cave Farm of the

University, three miles east of Mitchell, Ind.

A preliminary examination of the cave stream revealed the

presence of considerable plankton. A systematic collection of

the plankton was immediately begun and after some time a

quantitative method applicable to the cave was developed.

The organisms constituting the plankton were found to be

epigean forms. It developed that the seasonal distribution of the

cave plankton is different from that of epigean streams and lakes.

Its maxima and minima seemed more closely related to stream

level than to any other factor of the environment.

These facts led to an examination of the surface of the region

overlying the cave, in order to determine if possible the source

of the plankton, and the relation of its source to its distribution

in the cave. It was found that the plankton is derived from

ponds in sink-holes of a particular type, and that its source is a

primary factor in determining its distribution.

After the plankton enters the cave it is modified in various

ways by its new environment. The cave environment is divided

into two distinct regions, the terrestrial and the aquatic. These

two regions are alike in that there is an absence of light in both,

and that each influences the temperature of the other. They are

also both affected by the form of the cave.

Some of their differences aside from their primary ones are :

(i) the temperature of the air approximates the temperature of

the walls of the cave very soon after entering it, while the tem-

1 Contribution from the Zoological Laboratory of Indiana University, No. 104.
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perature of the water approaches this constant slowly, (2) the

rate of the air current in this cave is determined by the outside

temperature, while the rate of water current is determined by its

level, which in turn is determined by rainfall. Since the terres-

trial region affects the plankton-inhabited aquatic, both regions

need to be considered.

A careful examination of the bed of the stream was made for

sessile and bottom-inhabiting forms with negative results.
1

Previous Work. Previous studies on the microorganisms of

caves have been confined for the most part to the enumeration

and description of species. Claus, Schmeil and Joseph have in-

vestigated the zooplankton of some of the European caves and

have recorded the species.

In this country records of microorganisms inhabiting cave

water have been made by Tellkampf ('45), Packard ('89), Banta

('07) and others. Kofoid ('99) has described a towing net col-

lection taken in Echo River, Mammoth Cave, by Eigenmann.
This catch contained twenty species. Ulrich ('02) reported

twenty-one species from the water of an artesian well at San

Marcos, Texas. Among these were two species of cyclops, both

of which he regarded as new.

The Cave. The cave 2
in which these studies were made is at

present a rather simple tube with a few side passages. A stream

of some size flows through its entire length. The openings of

the cave are in Section Four (4), Township Three (3) North,

Range One (i) East. These openings are five in number. The
1 1 am greatly indebted to Dr. C. H. Eigenmann, professor of zoology, for his

helpful criticisms and the loan of literature from his private library ; also to Dr.

Charles Zeleny, associate professor of zoology, for valuable suggestions. Messrs.

F. C. Greene and N. E. Mclndoo assisted in surveying the cave. They are entirely

responsible for section II.

2 The upper end of this cave is not known. It has been explored to a point about

two miles above the outlet. At this point a mass of fallen rock nearly closes the

passage. Mr. N. E. Mclndoo has crawled through this passage, but it is too small

to admit the boat. A stream, which drains a valley some two miles long, flows into

an underground passage about four and one half miles southeast of the outlet of

Shawnee Cave. This is known locally as "Mosquito Sinks" and is indicated by
Newsom (*oi) in section sixteen, township three, range one north. Possibly this is

the upper limit of the cave. The openings where the stream " sinks
"

are too

small to be explored. Five hundred wooden blocks, which had been soaked in paraf-

fine, were placed in these openings, but none has been taken within the cave, to

date.
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lower one is the outlet and is known as Shawnee Cave. The

four other openings have been formed by the collapse of two

sections of the roof and are known as, Lower Twin Cave, Upper
Twin Cave, Lower Dalton Cave, and Upper Dalton Cave, re-

spectively (see map).

Vertically the cave is located in the Mitchell limestone, and has

been formed by solution along seams in the rock. These seams

follow approximately cardinal directions and hence cross at right

angles. The result of this is that much of the cave consists of

straight passages at right angles to each other. The erosive

action of the stream being much greater in the eddies at the turns

than in the straight passages deep pools are formed at these

points. 4

Obstructions. The cave stream has been obstructed more or

less completely at four points in the region that I have explored.

The upper obstruction has been formed by the collapse of the

roof, possibly below a sink-hole, between the Dalton caves (136,

37).
1 The second in a similar manner between the Twin caves

(132, 33). A large part of the upper dam has been removed

by solution and erosion, so that the stream flows over it.

At the Twin caves the obstruction is complete at ordinary

stages of the stream. It occurs at a right-angled turn in the

cave. A new passage is being formed cutting off the obstructed

corner. The lower end of this new passage is a few feet below

Lower Twin Cave, the location of its upper end is not yet posi-

tively determined. The passage is too small to be explored and

insufficient to accommodate the stream in times of flood
;

in such

times, the water flows over the obstruction between the two caves

and resumes its original course.

The third obstruction is 1,400 feet below Lower Twin Cave

at the so-called "Big Room" (I-I5, 20). Here a number of

old caves crossed the present stream at a higher level. The

strata between these two cave levels fell and for a time completely

dammed the stream. Deposits of gravel and clay were then

formed above this point. In the side passages that are protected

from erosion by the cave stream, the deposits still reach the roof.

Much of the obstruction and resulting deposits have been removed

by the cave stream.

1 Numbers refer to map.
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Eight hundred feet below the "
Big Room "

is the fourth ob-

struction (1-13). The roof has fallen from some cause that I

was unable to determine, and has completely dammed the stream.

A new channel has been formed from this point to the outlet,

except for a distance of 40 feet, where it flows through an old

cave. The direct result of these obstructions is the formation of

pools having a maximum depth of about 10 feet.

Elevation. The outlet of Shawnee Cave is 40 feet above the

level of White River which is about two and one half miles dis-

tant. The Lower Twin Cave is 30 feet above Shawnee Cave and

Upper Dalton Cave is 10 feet above Lower Twin Cave. The

gradient of the stream in the lower part of the cave is 40 feet to

the mile. It falls very rapidly from the outlet for about 800

feet, and then has a gradient of about 12 feet to the mile. Prob-

ably this slight gradient and the close approach of the stream to

local base level prevents the stream from finding a lower level

when obstructed, thus causing the effect of the obstruction to

continue.

As a result of the pools at the turns and above the obstruc-

tions, the water in the cave may be divided into a constant which

is the amount of water in the pools at all times and a variable

which is the amount of water flowing through the cave. The

ratio between the constant and the variable is much greater in

the lower (ordinary) stages of water than in times of flood. At

ordinary stages of water, it requires a given particle of water

much longer to pass through the cave than if the cave were a

straight tube.

Five hundred wooden cubes which had been soaked in paraf-

fine were put in at Lower Twin Cave, and a trap of " hardware
"

netting (one half inch mesh) was set at Shawnee Cave.

Fourteen days later the first blocks were caught at Shawnee

Cave. In times of flood the current in very rapid. Just what

the rate is could not be determined as no trap could be designed

that would withstand the terrific force of the stream at Shawnee

Cave. Certainly not more than a few minutes are required for

water to pass from Twin Cave to Shawnee Cave in times of

flood.

It is evident, then, that the plankton of the cave is subjected
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to the cave environment for a much longer time during the lower

stages of water than during the higher stages. This has a marked

effect upon the number of species and the number of individuals

constituting the plankton at the different stream levels.

Light. This cave is like most others for the greater part of

its length, in that there is an absence of light. It differs from

most others, in that the stream is illuminated at the points where

the roof has collapsed. The stream is fairly rapid in the sections

exposed to light, so that the illumination is of short duration.

The illumination is strong between Dalton caves and scarcely
more than twilight at low stages of the stream between Twin

caves. These short exposures to light may enable some of the

zooplanktonts to feed and cause some carbon assimilation in the

phytoplanktonts. The effect is probably very slight.

Temperature, (a) Air. The temperature of the air of the inte-

rior of the cave is between 5256 F. throughout the year. The

temperature has been recorded for the last two years on a thermo-

graph stationed fourteen hundred feet below Lower Twin Cave.

The variation exceeds the error of the instrument slightly.

Where the air flows out at an opening it differs in observed

cases less than one (i) degree Centigrade from the temperature
of the interior. Inflowing air assumes the temperature of the air

in the center of the cave gradually.

On September 7, 1908, a Centigrade thermometer carried into

Lower Twin Cave showed that the interior temperature was

reached 428 feet from the opening. During extreme tempera-
tures above ground this point would be farther from the opening.

() Water. The water temperature varies much more than

that of the air for obvious reasons. During low water the tem-

perature of the water approaches the temperature of the walls

of the cave. During a flood, it varies toward the temperature
of the water outside the cave. Floods, then, cause the tempera-
ture of the cave water to lower in winter, to rise in summer, but

affect it slightly when the outer temperature is near 54 F. The

variation is much less in summer than in winter, because the

summer floods are not so great.

In every flood observed, the extreme water temperature

occurred about twenty-four hours or more after the crest of the
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flood. This may be due to the influence of the residual water in

the cave (see Table I.).

TABLE I.

SHOWING THE RELATION OF FLOOD TO TEMPERATURE OF CAVE WATER.

Winter.

Date.
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convection of a closed room, i. e., a lower and an upper current

moving in opposite directions. When the air currents were too

weak to be measured, their direction was observed by means of

a candle flame.

These results confirm and elaborate the results of Banta ('07)

and Egli ('04). Banta found by weekly observations in May-
field's Cave that the air currents reversed about October I and

April i. Egli found in Holl-Loch, a cavern explored by him,

that the currents were down when the outer temperature was

8.1 Centigrade, and up when 2.3 Centigrade or below, being

very strong at --8 Centigrade.

Method. - - It is much more difficult to collect plankton in a

cave than in ordinary waters. The lack of light, the dimensions

of pools, the relatively small amount of plankton, the great and

sudden variations in the cave stream, and the necessity of trans-

porting and manipulating the apparatus unassisted, rendered many
of the ordinary methods impracticable.

After various experiments the method finally adopted for all

quantitative work was as follows : A net was constructed of bolt-

ing silk No. 20 (Dufour) after the pattern described by Kofoid

('97). The net was suspended in a pool with about 3 inches of

its filtering surface exposed. Two hundred gallons of water were

dipped and poured into it with a bucket (i y2 gal. capacity) at the

rate of 10 gals, per minute. The catch was preserved in a

4 per cent, solution of formalin. I am well aware that this method

results in some error (Kofoid, '97), but it was the most practicable

for this investigation.

For the examination of material, glass troughs were constructed

by cementing glass strips on a slide, with marine glue. The

width approximated the diameter of the field of the microscope

(2^ obj., 2 in. ocu.), the length 40 mm., and the depth about I

mm. The material was pipetted into this trough until the sur-

face film was parallel to the slide. The entire catch was counted

in quantitative work.

When higher powers of the microscope were necessary for

careful study, the material was removed from this trough to a

slide on which strips of cover glass were glued for the support

of the cover glass. After examination, the material was washed

from the trough into a new vial with 4 per cent, formalin.
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Amount of the Plankton.- -The amount of plankton is small

when compared with the amount taken in a lake or epigean stream.

In low stages, 200 gallons contained less than i c.c. In times of

flood the catch was increased very much (200 c.c. or 300 c.c.),

but this increase was largely due to silt and vegetable debris

carried in suspension.

Constituents of the Plankton. No organisms were found that

were not referable to known epigean forms. Rather marked

variations from the type were observed in some of the Crustacea,

notably in the genus Bosmina. However, the recent work of

Wesenberg-Lund makes it advisable to withhold judgment on

this point, until the local and seasonal variations in the Crustacea

of the ponds of the region have been investigated.

The zooplanktonts taken included Copepoda, Cladocera, Roti-

fera and Protozoa.

The phytoplanktonts belonged to the following genera : Spiro-

gyra, Zygnema, Volvox, Closterium, Micriasteria, Vaucheria and

Pandorina. In addition to these, diatoms, worms, insect larvae

and fragments of spiders occurred rarely.

The planktonts having the widest temporal distribution were

Bosmina cornuta, Cyclops biciispidatus and Anura cochlearis.

Cyclops prasinus outnumbered Cyclops bicuspidatus in November

and several species of Rotifera were quite common in May.

The loricum probably enables rotifers to withstand cave condi-

tions as all the Rotifera except two belong to the suborder

Loricata. These two were found when the current was quite

rapid and disappeared when the water became low and the cur-

rent reduced. There may be other factors in the organization of

the Loricata besides the loricum that enables them to exist under

these conditions. That the rotifer fauna of the cave is included

with rare exceptions in this subclass is certainly significant.

Diatoms were very rare. This was probably due to two

things (l) these forms live on the bottom of the ponds and

consequently few are carried into the cave, (2) they soon succumb

in the cave.

Other algae were never taken in large quantity, but Volvox

and Closterium were present in most of the catches throughout

the year. Filamentous algae were found at Shawnee Cave only

in the higher stages of the stream.
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The Source of tJie Cave Plankton. To understand the dis-

tribution of the cave plankton, it is necessary to understand its

source. It has been assumed that the plankton (at least in part)

inhabiting a cave stream has been derived from the surface

through sink-holes.
1 An examination of the local sink-holes

made it clear that probably only a small part of the total num-

ber contribute.

Sink-holes may be divided into two principal classes, com-

pound sink-holes and simple sink-holes. A compound sink-hole

is a large depression having secondary sinks on its slopes. These

arise in most cases probably by the reduction of the divides of

the compound sinks by erosion. Sinks may arise secondarily

on the slope of an old one.

A simple sink-hole is one without secondary sinks. Simple
sink-holes agree in having the form of an inverted cone and are

of three types. The first type has an opening at the apex of the

cone leading to an underground passage.

The second type has this opening closed. This closure is

inaugurated by rocks and earth caving in from the sides of the

opening. Sediment composed of the fine clay from the sides is

then deposited over this, and forms a very impermeable layer.

This results in a more or less permanent pond.

The third type of simple sink-holes is like the second, except

that a new opening to a subterranean passage has been formed

on its sides a short distance above its lowest point. This new

opening is formed from below, but the details of the process I

could not determine. The result is a pond, which at its higher

levels overflows into the new opening.

Open sink-holes are the rule in land covered with timber, be-

cause the erosion in such areas occurs slowly.

The plankton is derived from the simple sink-holes of the third

type and compound sink-holes in which the lower sinks are open
and the upper are closed, and in which the divides are low

enough to allow the upper ones to overflow into the lower. The

first type of simple sink-holes'allows the water to flow so quickly

into the underground channel, that organisms do not have time

1 The cave region is a plateau which has not yet developed surface streams. The

surface of this region is drained by funnel-shaped depressions called " sink-holes."
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V7

TYPE I.

TYPE II.

TYPE III.

Diagrammatic section of compound and simple sink holes. I, original opening ;

2, obstruction ; 3, impervious layer of clay; 4, second opening; 5, ordinary water-

level
; 6, flood water-level ; 7, subterranean passage.
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to develop. A few wind-blown eggs and cysts may be carried

into the cave and develop there, but I think it extremely doubtful.

The second type of simple sinks develops many organisms,

but they are not admitted to the cave stream.

Temporal Distributions. - - The temporal distribution of the

plankton in this cave is puzzling and the causes of this distribu-

tion are so complex that their analysis is difficult.

Although qualitative methods only were used during the fall

and winter, there was less plankton in early winter than in the

autumn. From this it was tentatively concluded that the main

outlines of the temporal distribution of the cave plankton coin-

cide with that of lakes and rivers in temperate latitudes, in having

spring and autumnal maxima, and summer and winter minima.

After a rain of 4.71 inches which fell on February 13 and 14,

I was unable to detect any organisms in the catch. Possibly a

few were present and were overlooked because of the great

amount of silt.

In March a series of quantitative collections was begun and

continued for six months. During this period, two maxima
occurred. One was on May 14, and the other was on August

13. These were maxima both in number of individuals and in

number of species. Each was preceded by a very heavy rain.

Between these maxima there were no rains sufficient to affect the

volume of the cave stream. The maximum of May was larger

than that of August (see Table II).

The February flood was accompanied by a marked decrease,

but those of May and August were accompanied by a sudden

increase and followed by a gradual decrease.

From these facts it is safe to conclude that excessive rainfall

influences the amount of plankton per gallon of water in the cave,

but not always in the same way. Excessive rainfall affects the

amount of plankton in three ways, (i) The pools in plankton

producing sinks of the land surface over the cave overflow and

the organisms contained in them are carried into the cave. (2)

The plankton is diluted in the sink where it is produced and is

further diluted in the cave by the water from sink-holes of the

first type. (3) The stream level is raised and the current is in-

creased This increase in the current causes many organisms to
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TABLE II.

SHOWING INFLUENCE OF FLOOD UPON TEMPORAL DISTRIBUTION.

Date.
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upon : (i) the production of the plankton in the ponds, (2) the

overflow of the ponds into the subterranean passages, (3) the

dilution by rain water and interstratal seepage, (4) the rate of

current in the cave stream, (5) the ability of the planktonts to

live in the cave environment.

Local Distribution. - - Observations taken at Dalton Cave and

at Shawnee Cave indicate that the amount of plankton in the

lower portion of the cave is less than in the upper portion, the

amount at Shawnee varying from 40 per cent, to 80 per cent, of

the amount at Upper Dalton. This is due, I think, principally

to the destructive influence of the cave environment (see Table

III.).

TABLE III.

Genus Number per Number per

or 200 gal. at 200 gal. at

Class. Upper Dalton Cave. Shawnee Cave.

Cyclops 59 41

Nauplii of Cyclops 89 64

Daphnia (immature) O I

Difflugia II 3

Arcella I O

CEdogonium i o

Pandorina 2 o

Rotifera 2 4

Total 165 113

Pceding and Reproduction of the Plankton in the Cave. The

alimentary tracts of the Crustacea always contained some food.

In the alimentary tracts of Cyclops and Bosmina at ordinary

stages of the cave stream, there was nearly as much food as in

members of these genera taken above ground. In the lower

stages of the stream the amount of food contained decreased.

Eggs were common in the egg sack of Cyclops, in the brood

chambers of Bosmina, and upon Anura cocJilearis, They were

also observed in Daphnia, but the individuals of this genus were

rare.

Nauplii of Cyclops were common throughout the year and the

young of Daphnia and Bosmina were observed.

It is evident that some of the planktonts are able to continue

their nutritive and reproductive processes under cave conditions,

although this environment inhibits them. Whether these forms
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would be able to maintain themselves in a permanent pool cut off

from the cave stream is conjectural, as no such pool exists in this

cave.

Tha the algae could not live in the total darkness of the cave

is certain. The method was not adapted to the investigation of

the bacteria and the infusoria.

Relation of the Cave Plankton to the Permanent Cave Fauna.

The plankton of this cave does not form nor can it become a

part of the permanent fauna of the cave, because the current of

the stream in its higher stages is powerful enough to carry out of

the cave all forms that are not strong swimmers, or have not de-

veloped the habit of living under rocks or on the bottom. Cceci-

dotea, Crangonyx and Cambarus live on the bottom and under

rocks. Ambylopsis is a fairly strong swimmer and when struck

by a current goes to the bottom or under a rock. These animals

are examples of forms whose habits prevent them from being

carried out of the cave.

Banta has taken Cyclops from the stomach of Amblyopsis

spelceus. This suggests that the plankton is a source of food for

some of the permanent cave animals.

The organisms of the cave plankton are essentially pond forms

and their presence in the cave is accidental. They do not migrate

into the cave to colonize it.

Summary and Conclusions. I. The form of the cave is deter-

mined by the direction of the seams in the limestone, the obstruc-

tions, and a factor X, which is probably elevation.

2. The form of the cave thus determined results in a large

amount of residual water in the cave.

3. This residual water causes the extreme flood temperature to

occur twenty-four hours or more after the crest of the flood. It

also causes the rate at which the plankton is carried through the

cave to vary directly as the stream level varies.

4. Water temperature varies much more than the air tempera-
ture in the interior of the cave.

5. Air currents in this cave are caused by and their rate varies

directly with the divergence of terranean and subterranean tem-

perature.

6. The amount of plankton in the cave is relatively small.
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7. The plankton is composed of epigean forms and is derived

from ponds in such sink-holes as have an opening above their

lowest points.

8. Temporal distribution of the plankton depends upon three

principal factors, the production of the plankton in the pools,

excessive rainfall, and the ability of the planktons to withstand

cave conditions.

9. At ordinary stages of the stream more plankton occurs in

the upper part of the cave than in the lower part.

10. Some of the planktonts feed and reproduce in the cave,

but these processes are more or less inhibited.

11. The plankton is not a part of the permanent cave fauna

but is essentially a pond fauna accidentally carried into the cave.

It is either carried through the cave or perishes in it.

LIST OF SPECIES. 1

PROTOZOA.

Arcella vulgaris Enrenberg.

Difflugia globosa Dujardin.

D. pyriformis Perty.

D. lobostoina Leidy.

D. acuininata Ehrenberg.

Euglena sp.
ARTHROPODA.

Cyclops bicuspidatus Claus.

C. prasimis Fischer.

C. viridus J urine.

C. serrulatits Fischer.

C. edax Forbes.

Canthocamptus sp.

Daphnia pnlex DeGeer.

CiriodapJmia consors Birge.

Bosmina boJicinica Hellick. (?)

B. cornuta J urine.

Cydorus splicericus Mueller.

1 Diatoms were taken occasionally. The collections sometimes contained spiders

which doubtless had fallen from the walls of the cave. One round worm and two

segmented worms were observed during the year.
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Plcuroxus hamatus Birge.

Cypris sp.

Cainpodea stapliylinus (?)
Westwood.

Larvae of diptera and coleoptera rarely.

TROCHELMINTHES.

Asplanchna ebbesborni Hudson.

Triarthra longisetce Ehrenberg.

CatJiypna luna Ehrenberg.

Monastyla lunaris Ehrenberg.

M. bulla Gosse.

Branchionis militaris Ehrenberg.

B. bakeri Ehrenberg.
Noteus quadricornus Ehrenberg.

Amira coclilearis Gosse.

NotJwlca lougispina Kellicott.

ALGJE.

CEdogonium sp.

Cladophora sp.

Vaucheria sp.

Spirogyra sp.

Zygnema sp.

Closteriiun subcostatum Nord.

C. lanceolatum Kg.
Cosmarium sp.

Micrasterias sp.

Volvox globator Ehrenberg.

V. aurens Ehrenberg.

Pandorina morum Bory.

Pleurococcus sp.

Pediastrum boryanum Menegh.
Senedesmus sp.

Sph&rocystis schrceteri Chod.

Nostoc minutissimum Kg.
Oscillatoria sp.
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EXPLANATION OF MAP.

Shawnee Cave (the outlet). Sec. I., No. I.

Closed chamber caused by collapse of roof at Sec. I., Nos. 2-3.

Cascade. Sec. I., No. 6.

Double passage. Sec. I., Nos. 7-8-

Old cross cave. Sec. I., Nos. 9-10.

New passages. Sec. I., Nos. 1-8 and 1113.

Opening in roof leading to upper older levels of cave. Sec. I., No. 14.

"Big Room." Sec. I., Nos. 15, 16, 17, 18, 19, 20, 21, 22.

"Fallen Rock." Sec. I., No. 31.

Lower Twin Cave. Sec. I., No. 32.

Upper Twin Cave. Sec. I., No. 33.

Roof too low for passage of boat. Sec. I., No. 34.

Deepest water in cave, 10 feet 4 inches. Sec. I., No. 35.

Lower Dalton Cave. Sec. I., No. 36.

Upper Dalton Cave. Sec. I., No. 37.
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FIG. I. Map of Shawnee Cave, section I, from Shawnee to Lower Dalton. Length

4,453 feet. Scale 200 feet to the inch.
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EXPLANATION OF MAP.

Upper Dalton Cave. Sec. II., No. 37.
" Cross bedding" in limestone. Sec. II., Nos. 46-47.
"Old passages." Sec. II., Nos. 56-57.

Obstruction past which boat cannot be taken. Sec. II., No. 63.

End of exploration. Sec. II., No. 64.
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FIG. 2. Map of Shawnee Cave, section 2, from Lower Dalton to unexplored

part. Length 4,674 feet. Scale 200 feet to the inch.









MBL WHOI LIBRARY

UH 17JN D




